
[bookmark: _Toc415085503]3GPP TSG RAN WG1 Meeting #93	R1-1807949
Busan, Korea, May 21-25, 2018
	CR-Form-v11.2

	CHANGE REQUEST

	

	
	36.213
	CR
	1111
	rev
	-
	Current version:
	15.1.0
	

	

	[bookmark: _Hlt497126619]For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	X
	Radio Access Network
	X
	Core Network
	



	

	Title:	
	Introduction of HRLLC in 36.213, s09

	
	

	Source to WG:
	Motorola Mobility

	Source to TSG:
	R1

	
	

	Work item code:
	LTE_HRLLC-Core
	
	Date:
	2018-06-06

	
	
	
	
	

	Category:
	B
	
	Release:
	Rel-15

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
Rel-12	(Release 12)
Rel-13	(Release 13)
Rel-14	(Release 14)
Rel-15	(Release 15)
Rel-16	(Release 16)

	
	

	Reason for change:
	Introduction of HRLLC feature

	
	

	Summary of change:
	Support of HRLLC feature in 36.213

	
	

	Consequences if not approved:
	HRLLC is not supported.

	
	

	Clauses affected:
	9.1.1, 9.1.3, 9.1.4, 9.2, 9.3

	
	

	
	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	36.211, 36.212  

	affected:
	
	X
	 Test specifications
	 

	(show related CRs)
	
	X
	 O&M Specifications
	

	
	

	Other comments:
	




9	Physical downlink control channel procedures
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
-	When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.
[bookmark: _Toc415085504]If a UE is configured with a LAA Scell, the UE shall apply the procedures described in this clause assuming frame structure type 1 for the LAA Scell unless stated otherwise.
9.1	UE procedure for determining physical downlink control channel assignment
[bookmark: _Toc415085505]9.1.1	PDCCH assignment procedure
The control region of each serving cell consists of a set of CCEs, numbered from 0 to [image: ] according to Subclause 6.8.1 in [3], where [image: ] is the total number of CCEs in the control region of subframe [image: ]. 
The UE shall monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the PDCCHs in the set according to all the monitored DCI formats. 
A BL/CE UE is not required to monitor PDCCH.
A UE is not required to monitor PDCCH in an MBSFN subframe with zero-size non-MBSFN region.
The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space [image: ] at aggregation level [image: ] is defined by a set of PDCCH candidates. For each serving cell on which PDCCH is monitored, the CCEs corresponding to PDCCH candidate m of the search space [image: ] are given by
[image: ]
where[image: ] is defined below, [image: ]. For the common search space [image: ]. For the PDCCH UE specific search space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field then [image: ] for [image: ]=0 and  for [image: ]>0 where [image: ] is the carrier indicator field value and  is the reference number of PDCCH candidates for a carrier indicator field value "x", else if the monitoring UE is not configured with carrier indicator field then [image: ], where [image: ]. [image: ] is the number of PDCCH candidates to monitor in the given search space for the scheduled serving cell. If the monitoring UE is configured with higher layer parameter shortTTI, for monitoring DCI format 7-0A/7-0B/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, [image: ]is replaced by the corresponding element of higher layer parameter dci7-CandidatesPerAL-PDCCH. If a carrier indicator field value "x" corresponds to a LAA SCell and the monitoring UE is configured with uplink transmission on the LAA SCell,  is the maximum number of [image: ] over all configured DCI formats for the LAA SCell. Otherwise,  is determined according to Table 9.1.1-1 by replacing [image: ] with .
If a UE is configured with higher layer parameter cif-InSchedulingCell-r13, the carrier indicator field value corresponds to cif-InSchedulingCell-r13, otherwise, the carrier indicator field value is the same as ServCellIndex given in [11].
If a UE is configured with a LAA SCell for UL transmissions, and if the UE is configured with higher layer parameter cif-InSchedulingCell-r14 for the LAA SCell, the carrier indicator field value in PDCCH scheduling PUSCH corresponds to cif-InSchedulingCell-r14, otherwise, the carrier indicator field value is the same as ServCellIndex given in [11].
The UE shall monitor one common search space in every non-DRX subframe at each of the aggregation levels 4 and 8 on the primary cell. 
A UE shall monitor common search space on a cell to decode the PDCCHs necessary to receive MBMS on that cell when configured by higher layers.
If a UE is not configured for EPDCCH monitoring, and if the UE is not configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on each activated serving cell in every non-DRX subframe. 
If a UE is not configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the UE shall monitor one or more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more activated serving cells as configured by higher layer signalling in every non-DRX subframe. 
If a UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is not configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on that serving cell in all non-DRX subframes where EPDCCH is not monitored on that serving cell. 
If a UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is configured with a carrier indicator field, then the UE shall monitor one or more PDCCH UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on that serving cell as configured by higher layer signalling in all non-DRX subframes where EPDCCH is not monitored on that serving cell.
A UE is not expected to monitor PDCCH candidates with DCI format 0/1/1A/2/2A/2B/2C/2D mapped onto the UE-specific search space, and with the CRC scrambled by the SPS C-RNTI, when the UE is configured with higher layer parameter shortProcessingTime.
A UE is not expected to monitor PDCCH candidates with DCI format 7-0A/7-0B/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G over more than 
· 28 CCEs on a serving cell if the higher layer parameter dl-TTI-Length is set to 'subslot'.
· 32 CCEs on a serving cell if the higher layer parameter dl-TTI-Length is set to 'slot'.
A UE is not expected to be configured to monitor more than 
· 6 PDCCH candidates with DCI format 7-0A/7-0B/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G on a service cell in a subslot if the higher layer parameter dl-TTI-Length is set to 'subslot'
· 12 PDCCH candidates with DCI format 7-0A/7-0B/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G on a serving cell in a slot if the higher layer parameter dl-TTI-Length is set to 'slot'.
The UE is not expected to be configured to monitor PDCCH corresponding to DCI format 7-0A/7-0B /7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with carrier indicator field in a given serving cell.

The UE is not expected to be configured to monitor PDCCH corresponding to DCI format 7-0A/7-0B /7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G when CFI value is 3 and .
The common and PDCCH UE-specific search spaces on the primary cell may overlap. If the UE is configured with higher layer parameter shortProcessingTime, a PDCCH with DCI format 0/1A detected in the overlap shall be considered by the UE as having been received in the PDCCH common search space.
A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell c shall monitor PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the PDCCH UE specific search space of serving cell c.
A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cell shall monitor PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI or UL-SPS-V-RNTI in the PDCCH UE specific search space of the primary cell.
The UE shall monitor the common search space for PDCCH without carrier indicator field.
For the serving cell on which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall monitor the PDCCH UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a carrier indicator field it shall monitor the PDCCH UE specific search space for PDCCH with carrier indicator field. 
If the UE is not configured with a LAA Scell, the UE is not expected to monitor the PDCCH of a secondary cell if it is configured to monitor PDCCH with carrier indicator field corresponding to that secondary cell in another serving cell. 
If the UE is configured with a LAA Scell, the UE is not expected to monitor the PDCCH UE specific space of the LAA SCell if it is configured to monitor PDCCH with carrier indicator field corresponding to that LAA Scell in another serving cell, 
-	where the UE is not expected to be configured to monitor PDCCH with carrier indicator field in an LAA Scell;
-	where the UE is not expected to be scheduled with PDSCH starting in the second slot in a subframe in an LAA Scell if the UE is configured to monitor PDCCH with carrier indicator field corresponding to that LAA Scell in another serving cell.
[bookmark: OLE_LINK29][bookmark: OLE_LINK28]For the serving cell on which PDCCH is monitored, the UE shall monitor PDCCH candidates at least for the same serving cell. 
A UE configured to monitor PDCCH candidates with CRC scrambled by C-RNTI, SPS C-RNTI or UL-SPS-V-RNTI with a common payload size and with the same first CCE index [image: ] (as described in Subclause 10.1) but with different sets of DCI information fields as defined in [4] in the
-	common search space 
-	PDCCH UE specific search space 
on the primary cell shall assume that for the PDCCH candidates with CRC scrambled by C-RNTI, SPS C-RNTI or UL-SPS-V-RNTI,
if the UE is configured with the carrier indicator field associated with monitoring the PDCCH on the primary cell, only the PDCCH in the common search space is transmitted by the primary cell;
otherwise, only the PDCCH in the UE specific search space is transmitted by the primary cell.
A UE configured to monitor PDCCH candidates in a given serving cell with a given DCI format size with CIF, and CRC scrambled by C- RNTI, where the PDCCH candidates may have one or more possible values of CIF for the given DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the given serving cell in any PDCCH UE specific search space corresponding to any of the possible values of CIF for the given DCI format size.
If a serving cell is a LAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates 's07', 
-	The UE monitors PDCCH UE-specific search space candidates on the Scell in both the first and second slots of a subframe, and the aggregation levels defining the search spaces are listed in Table 9.1.1-1A;
otherwise,
-	The aggregation levels defining the search spaces are listed in Table 9.1.1-1. 
If a serving cell is a LAA Scell, the UE may receive PDCCH with DCI CRC scrambled by CC-RNTI as described in Subclause 13A on the LAA Scell.
The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in Subclause 7.1.
If a UE is configured with higher layer parameter skipMonitoringDCI-format0-1A for a serving cell, the UE is not required to monitor the PDCCH with DCI Format 0/1A in the UE specific search space for that serving cell. 
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter skipMonitoringDCI-format0A for the LAA SCell, the UE is not required to monitor the PDCCH with DCI Format 0A in the UE specific search space for the LAA SCell.
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured in transmission mode 2 and if the UE is configured with higher layer parameter skipMonitoringDCI-format4A for the LAA SCell, the UE is not required to monitor the PDCCH with DCI Format 4A in the UE specific search space for the LAA SCell.
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter enableMonitoringDCI-format0B for the LAA SCell, the UE is required to monitor the PDCCH with DCI Format 0B in the UE specific search space for the LAA SCell.
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured in transmission mode 2 and if the UE is configured with higher layer parameter enableMonitoringDCI-format4B for the LAA SCell, the UE is required to monitor the PDCCH with DCI Format 4B in the UE specific search space for the LAA SCell.

If a UE is not configured for PUSCH/PUCCH transmission for at least one TDD serving cell, the UE is not expected to monitor PDCCH on serving cell  if the PDCCH overlaps in time with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on TDD serving cell  not configured for PUSCH/PUCCH transmission, and if the UE is not capable of simultaneous reception and transmission on serving cell and serving cell .
If a UE is configured with higher layer parameter pdcch-candidateReductions for a UE specific search space at aggregation level L for a serving cell, the corresponding number of PDCCH candidates is given by , where the value of  is determined according to Table 9.1.1-2 and  is determined according to Table 9.1.1-1 by replacing with .
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter pdcch-candidateReductions-Format0A for a UE specific search space at aggregation level L for the LAA SCell, the corresponding number of PDCCH candidates for DCI format 0A is given by , where the value of  is determined according to Table 9.1.1-2 and  is determined according to Table 9.1.1-1 by replacing with .
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter pdcch-candidateReductions-Format0B-4A-4B-AL1-2 for a UE specific search space of the first and second aggregation level for the LAA SCell, the corresponding number of PDCCH candidates for DCI format 0B/4A/4B is given by , where the value of  is determined according to Table 9.1.1-2 and  is determined according to Table 9.1.1-1 by replacing with .
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter pdcch-candidateReductions-Format0B-4A-4B-AL3-4 for a UE specific search space of the third and fourth aggregation level for the LAA SCell, the corresponding number of PDCCH candidates for DCI format 0B/4A/4B is given by , where the value of  is determined according to Table 9.1.1-3 and  is determined according to Table 9.1.1-1 by replacing with .

Table 9.1.1-1: PDCCH candidates monitored by a UE
	Search space [image: ]
	Number of PDCCH
 candidates [image: ]

	Type
	Aggregation level [image: ]
	Size [in CCEs]
	

	UE-specific
	1
	6
	6

	
	2
	12
	6

	
	4
	8
	2

	
	8
	16
	2

	Common
	4
	16
	4

	
	8
	16
	2


Note: the Size [in CCEs] is given assuming  =1

Table 9.1.1-1A: PDCCH UE-specific search space candidates monitored by a UE on LAA Scell
	Search space [image: ]
	Number of PDCCH
 candidates [image: ]
in first slot
	Number of PDCCH
 candidates [image: ]
in second slot

	Type
	Aggregation level [image: ]
	Size [in CCEs]
	
	

	UE-specific
	1
	6
	6
	6

	
	2
	12
	6
	6

	
	4
	8
	2
	2

	
	8
	16
	2
	2


Note: the Size [in CCEs] is given assuming  =1

Table 9.1.1-2: Scaling factor for PDCCH candidates reduction
	pdcch-candidateReductions
	Value of 

	0
	0

	1
	0.33

	2
	0.66

	3
	1



Table 9.1.1-3: Scaling factor for PDCCH candidates reduction
	pdcch-candidateReductions
	Value of 

	0
	0

	1
	0.5

	2
	1

	3
	1.5



For the common search spaces, [image: ]is set to 0 for the two aggregation levels [image: ] and [image: ].
For the UE-specific search space [image: ] at aggregation level[image: ], the variable [image: ]is defined by
[image: ]
where [image: ], [image: ], [image: ] and [image: ], [image: ] is the slot number within a radio frame. 
The RNTI value used for [image: ] is defined in Subclause 7.1 in downlink and Subclause 8 in uplink.
[bookmark: _Toc415085506]9.1.2	PHICH assignment procedure
If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and PUSCH transmissions scheduled from serving cell [image: ]in subframe n are not scheduled by a Random Access Response Grant corresponding to a random access preamble transmission for a secondary cell
-	For PUSCH transmissions scheduled from serving cell [image: ]in subframe n, the UE shall determine the corresponding PHICH resource of serving cell [image: ] in subframe [image: ], where 
-	[image: ] is always 4 for FDD. 
-	[image: ]is 6 for FDD-TDD and serving cell c frame structure type 2 and the PUSCH transmission is for another serving cell with frame structure type 1.
-	[image: ]is 4 for FDD-TDD and serving cell c frame structure type 1and the PUSCH transmission is for a serving cell with frame structure type 1.
-	[image: ]is given in table 9.1.2-1 for FDD-TDD and serving cell c frame structure type 1 and the PUSCH transmission is for another serving cell with frame structure type 2.
-	For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, if the UE is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL configuration of all the configured serving cells is the same, for PUSCH transmissions scheduled from serving cell [image: ]in subframe n, the UE shall determine the corresponding PHICH resource of serving cell [image: ] in subframe [image: ], where [image: ] is given in table 9.1.2-1 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, otherwise [image: ] is given in Table 9.1.2-3. 
-	For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two configured serving cells is not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell , or for FDD-TDD and serving cell [image: ]frame structure type 2, for PUSCH transmissions scheduled from serving cell [image: ]in subframe n, the UE shall determine the corresponding PHICH resource of serving cell [image: ] in subframe [image: ], where [image: ]is given in table 9.1.2-1 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, otherwise [image: ] is given in Table 9.1.2-3, where the "TDD UL/DL Configuration" in the rest of this Subclause refers to the UL-reference UL/DL configuration (defined in Subclause 8.0) of the serving cell corresponding to the PUSCH transmission.
If a UE is configured with multiple TAGs, for PUSCH transmissions on subframe n for a secondary cell [image: ] scheduled by a Random Access Response grant corresponding to a random access preamble transmission for the secondary cell [image: ],
-	For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two configured serving cells is not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and serving cell [image: ] frame structure type 2, the "TDD UL/DL Configuration" in the rest of this Subclause refers to the UL-reference UL/DL configuration (defined in Subclause 8.0) of secondary cell [image: ].
-	If the UE is not configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary cell [image: ] in another serving cell, the UE shall determine the corresponding PHICH resource on the secondary cell [image: ] in subframe [image: ], where 
-	[image: ]is always 4 for FDD and where [image: ] is given in table 9.1.2-1 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the secondary cell [image: ], otherwise [image: ] is given in Table 9.1.2-3 for TDD. 
-	[image: ]is 4 for FDD-TDD and secondary cell [image: ] frame structure type 1.
-	[image: ] is given in table 9.1.2-1 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the secondary cell [image: ], otherwise [image: ] is given in Table 9.1.2-3 for FDD-TDD and secondary cell [image: ] frame structure type 2
-	If the UE is configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary cell [image: ] in another serving cell [image: ], the UE configured with multiple TAGs shall determine the corresponding PHICH resource on the serving cell [image: ] in subframe [image: ], where 
-	[image: ]is always 4 for FDD and where [image: ] is given in table 9.1.2-1 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the secondary cell [image: ], otherwise [image: ] is given in Table 9.1.2-3 for TDD. 
-	[image: ]is 4 for FDD-TDD and primary cell frame structure type 1 and frame structure type 1 for secondary cell [image: ] and serving cell [image: ]
-	[image: ] is given in table 9.1.2-1 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the secondary cell [image: ], otherwise [image: ] is given in Table 9.1.2-3 for FDD-TDD and serving cell c frame structure type 2 
-	[image: ] is 6 for FDD-TDD and serving cell c frame structure type 1 and serving cell [image: ]frame structure type 2
For subframe bundling operation, the corresponding PHICH resource is associated with the last subframe in the bundle.
Table 9.1.2-1: [image: ] for TDD
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	
	4
	7
	6
	
	
	4
	7
	6

	1
	
	
	4
	6
	
	
	
	4
	6
	

	2
	
	
	6
	
	
	
	
	6
	
	

	3
	
	
	6
	6
	6
	
	
	
	
	

	4
	
	
	6
	6
	
	
	
	
	
	

	5
	
	
	6
	
	
	
	
	
	
	

	6
	
	
	4
	6
	6
	
	
	4
	7
	



Table 9.1.2-3: [image: ] for TDD and UE configured with symPUSCH-UpPts-r14
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	5
	4
	7
	6
	
	5
	4
	7
	6

	1
	
	5
	4
	6
	
	
	5
	4
	6
	

	2
	
	7
	6
	
	
	
	7
	6
	
	

	3
	
	7
	6
	6
	6
	
	
	
	
	

	4
	
	7
	6
	6
	
	
	
	
	
	

	5
	
	7
	6
	
	
	
	
	
	
	

	6
	
	4
	4
	6
	6
	
	4
	4
	7
	



The PHICH resource is identified by the index pair[image: ]where [image: ]is the PHICH group number and [image: ]is the orthogonal sequence index within the group as defined by:
[image: ]
where 
· [image: ]is mapped from the cyclic shift for DMRS field (according to Table 9.1.2-2) in the most recent PDCCH/EPDCCH with uplink DCI format [4] for the transport block(s) associated with the corresponding PUSCH transmission. [image: ]shall be set to zero, if there is no PDCCH/EPDCCH with uplink DCI format for the same transport block, and
· if the initial PUSCH for the same transport block is semi-persistently scheduled, or
· if the initial PUSCH for the same transport block is scheduled by the random access response grant . 
· [image: ]is the spreading factor size used for PHICH modulation as described in Subclause 6.9.1 in [3].
·  where [image: ] is the lowest PRB index in the first slot of the corresponding PUSCH transmission 
· [image: ] is the number of PHICH groups configured by higher layers as described in Subclause 6.9 of [3],
· [image: ]

Table 9.1.2-2: Mapping between [image: ] and the cyclic shift for DMRS field
 in PDCCH/EPDCCH with uplink DCI format in [4]
	Cyclic Shift for DMRS Field in PDCCH/EPDCCH 
with uplink DCI format in [4]
	[image: ]

	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	6

	111
	7



[bookmark: _Toc415085507]9.1.3	Control Format Indicator (CFI) assignment procedure
For a serving cell, if a UE is configured with higher layer parameter semiStaticCFI-SlotSubslotNonMBSFN, the UE shall assume the CFI is equal to the value of the higher layer parameter semiStaticCFI-SlotSubslotNonMBSFN for non-MBSFN subframes for receiving physical downlink shared channel with slot/subslot duration.	Comment by MM6a: [Editor’s notes]: 

RRC names are placeholder names.

Agreements:

Support an optional, CFI configuration per TTI length through UE and serving cell specific semi-static configuration.
If CFI is semi-statically configured for TTIs of different lengths, the UE does not expect the configured CFI values to be different.
The semi-static CFI value could be configured separately for MBSFN and non-MBSFN subframes over each cell.

When a UE is configured with a semi-static CFI for a given TTI length, the UE is not expected to decode PCFICH for that TTI length.
For a serving cell, if a UE is configured with higher layer parameter semiStaticCFI-SlotSubslotMBSFN, the UE shall assume the CFI is equal to the value of the higher layer parameter semiStaticCFI-SlotSubslotMBSFN for MBSFN subframes for receiving physical downlink shared channel with slot/subslot duration.
For a serving cell, if a UE is configured with higher layer parameter semiStaticCFI-SubframeNonMBSFN, the UE shall assume the CFI is equal to the value of the higher layer parameter semiStaticCFI-SubframeNonMBSFN for non-MBSFN subframes for receiving physical downlink shared channel with subframe duration.
For a serving cell, if a UE is configured with higher layer parameter semiStaticCFI-SubframeMBSFN, the UE shall assume the CFI is equal to the value of the higher layer parameter semiStaticCFI-SubframeMBSFN for MBSFN subframes for receiving physical downlink shared channel with subframe duration.
For a serving cell, if a UE is configured with higher layer parameters semiStaticCFI-SubframeNonMBSFN and semiStaticCFI-SlotSubslotNonMBSFN, the UE is not expected the values of semiStaticCFI-SlotSubslotNonMBSFN and semiStaticCFI-SubframeNonMBSFN are different. 
For a serving cell, if a UE is configured with higher layer parameters semiStaticCFI-SubframeMBSFN and semiStaticCFI-SlotSubslotMBSFN, the UE is not expected the values of semiStaticCFI-SlotSubslotMBSFN and semiStaticCFI-SubframeMBSFN are different. 
PHICH duration is signalled by higher layers according to Table 6.9.3-1 in [3]. The duration signalled puts a lower limit on the size of the control region determined from the control format indicator (CFI). When [image: ], if extended PHICH duration is indicated by higher layers then the UE shall assume that CFI is equal to PHICH duration. 
In subframes indicated by higher layers to decode PMCH, when [image: ], a UE may assume that CFI is equal to the value of the higher layer parameter non-MBSFNregionLength [11].
[bookmark: _Toc415085508]9.1.4	EPDCCH assignment procedure
For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in Subclause 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from 0 to [image: ]where [image: ]is the number of ECCEs in EPDCCH-PRB-set [image: ] of subframe [image: ]. Each EPDCCH-PRB-set can be configured for either localized EPDCCH transmission or distributed EPDCCH transmission.
The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set according to the monitored DCI formats.
A BL/CE UE is not required to monitor EPDCCH. 
A UE configured with higher layer parameter shortProcessingTime or shortTTI for a serving cell is not required to monitor EPDCCH for the serving cell or on that serving cell.
A UE is not required to monitor EPDCCH in an MBSFN subframe with zero-size non-MBSFN region.
The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.
For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by higher layers. 
The UE shall not monitor EPDCCH 
-	For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5, or for frame structure type 3, in the subframe with the same duration as the DwPTS duration of the special subframe configurations 0 and 5, shown in Table 4.2-1 of [3], or for the special subframe configuration 10 with the higher layer parameter crs-LessDwPTS-r14 set as true.
-	For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7 shown in Table 4.2-1 of [3].
-	In subframes indicated by higher layers to decode PMCH.
-	For TDD and if the UE is configured with different UL/DL configurations for the primary and a secondary cell, in a downlink subframe on the secondary cell when the same subframe on the primary cell is a special subframe and the UE is not capable of simultaneous reception and transmission on the primary and secondary cells.
An EPDCCH UE-specific search space [image: ]at aggregation level [image: ] is defined by a set of EPDCCH candidates. 
For an EPDCCH-PRB-set [image: ], the ECCEs corresponding to EPDCCH candidate m of the search space [image: ] are given by 

where
[image: ]is defined below, 
[image: ]
[image: ] if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise [image: ]
[image: ] is the carrier indicator field value,
 is the maximum number of EPDCCH candidates among all the configured DCI formats over all the configured carrier indicator field values for an aggregation level L in EPDCCH-PRB-set p if the UE is configured with uplink transmission on a LAA SCell, otherwise,  is the nominal number of EPDCCH candidates at aggregation level L in EPDCCH-PRB-set p determined according to Tables 9.1.4-1a to 9.1.4-5b by replacing  with ,
[image: ].
If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, [image: ] is the number of EPDCCH candidates to monitor at aggregation level [image: ] in EPDCCH-PRB-set [image: ] for the serving cell on which EPDCCH is monitored, as given in 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 below; otherwise, [image: ] is the number of EPDCCH candidates to monitor at aggregation level [image: ] in EPDCCH-PRB-set [image: ] for the serving cell indicated by [image: ].
If a UE is configured with higher layer parameter pdcch-candidateReductions for a specific search space at aggregation level L in EPDCCH-PRB-set [image: ] for a serving cell, the corresponding number of EPDCCH candidates is given by , where the value of  is determined according to Table 9.1.1-2 and  is determined according to Tables 9.1.4-1a to 9.1.4-5b by replacing with .
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter pdcch-candidateReductions-Format0A for a UE specific search space at aggregation level L in EPDCCH-PRB-set [image: ] for the LAA SCell, the corresponding number of EPDCCH candidates for DCI format 0A is given by , where the value of  is determined according to Table 9.1.1-2 and  is determined according to Tables 9.1.4-1a to 9.1.4-5b by replacing with .
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter pdcch-candidateReductions-Format0B-4A-4B-AL1-2 for a UE specific search space of the first and second aggregation level in EPDCCH-PRB-set [image: ] for the LAA SCell, the corresponding number of EPDCCH candidates for DCI format 0B/4A/4B is given by , where the value of  is determined according to Table 9.1.1-2 and  is determined according to Tables 9.1.4-1a to 9.1.4-5b by replacing with .
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter pdcch-candidateReductions-Format0B-4A-4B-AL3-5 for a UE specific search space of the third, fourth, and fifth aggregation level in EPDCCH-PRB-set [image: ] for the LAA SCell, the corresponding number of EPDCCH candidates for DCI format 0B/4A/4B is given by , where the value of  is determined according to Table 9.1.1-3 and  is determined according to Tables 9.1.4-1a to 9.1.4-5b by replacing with .
If a UE is configured with higher layer parameter cif-InSchedulingCell-r13, the carrier indicator field value corresponds to cif-InSchedulingCell-r13, otherwise the carrier indicator field value is the same as ServCellIndex given in [11].
If a UE is configured with a LAA SCell for UL transmissions, and if the UE is configured with higher layer parameter cif-InSchedulingCell-r14 for the LAS SCell, the carrier indicator field value in EPDCCH scheduling PUSCH corresponds to cif-InSchedulingCell-r14, otherwise, the carrier indicator field value is the same as ServCellIndex given in [11].
A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronization signals in the same subframe.
If a UE is configured with two EPDCCH-PRB-sets with the same [image: ]value (where [image: ]is defined in Subclause 6.10.3A.1 in [3]), if the UE receives an EPDCCH candidate with a given DCI payload size corresponding to one of the EPDCCH-PRB-sets and mapped only to a given set of REs (as described in Subclause 6.8A.5 in [3]), and if the UE is also configured to monitor an EPDCCH candidate with the same DCI payload size and corresponding to the other EPDCCH-PRB-set and which is mapped only to the same set of REs, and if the number of the first ECCE of the received EPDCCH candidate is used for determining PUCCH resource for HARQ-ACK transmission (as described in Subclause 10.1.2 and Subclause 10.1.3), the number of the first ECCE shall be determined based on EPDCCH-PRB-set [image: ].
The variable [image: ]is defined by
[image: ]
where [image: ], [image: ], [image: ], [image: ] and [image: ], [image: ] is the slot number within a radio frame. The RNTI value used for [image: ] is defined in Subclause 7.1 in downlink and Subclause 8 in uplink. The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in Subclause 7.1.
If a UE is configured with higher layer parameter skipMonitoringDCI-format0-1A for a serving cell, the UE is not required to monitor the EPDCCH with DCI Format 0/1A in the UE specific search space for that serving cell. 
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter skipMonitoringDCI-format0A for the LAA SCell, the UE is not required to monitor the EPDCCH with DCI Format 0A in the UE specific search space for the LAA SCell.
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured in transmission mode 2 and if the UE is configured with higher layer parameter skipMonitoringDCI-format4A for the LAA SCell, the UE is not required to monitor the EPDCCH with DCI Format 4A in the UE specific search space for the LAA SCell.
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured with higher layer parameter enableMonitoringDCI-format0B for the LAA SCell, the UE is required to monitor the EPDCCH with DCI Format 0B in the UE specific search space for the LAA SCell.
If a UE is configured with a LAA SCell for UL transmissions and if the UE is configured in transmission mode 2 and if the UE is configured with higher layer parameter enableMonitoringDCI-format4B for the LAA SCell, the UE is required to monitor the EPDCCH with DCI Format 4B in the UE specific search space for the LAA SCell.
If a serving cell is a LAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates 's07'
-	the UE monitors EPDCCH UE-specific search space candidates on the Scell assuming they start in both the first slot and the second slot of a subframe.
The aggregation levels defining the search spaces and the number of monitored EPDCCH candidates is given as follows
-	For a UE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a, Table 9.1.4-1b.
-	For a UE configured with only one EPDCCH-PRB-set for localized transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-2b.
-	For a UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.
-	For a UE configured with two EPDCCH-PRB-sets for localized transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.
-	For a UE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for localized transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-5a, 9.1.4-5b.
If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, [image: ] of the serving cell on which EPDCCH is monitored. If the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, [image: ] of the serving cell indicated by [image: ].
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.
[image: ] is the number of PRB-pairs constituting EPDCCH-PRB-set [image: ].
Table 9.1.4-1a: EPDCCH candidates monitored by a UE 
(One Distributed EPDCCH-PRB-set - Case1, Case 2)
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 1
	Number of EPDCCH candidates
 [image: ] for Case 2

	
	L=2
	L=4
	L=8
	L=16
	L=32
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	4
	2
	1
	0
	0
	4
	2
	1
	0
	0

	4
	8
	4
	2
	1
	0
	8
	4
	2
	1
	0

	8
	6
	4
	3
	2
	1
	6
	4
	3
	2
	1



Table 9.1.4-1b: EPDCCH candidates monitored by a UE 
(One Distributed EPDCCH-PRB-set – Case 3)
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 3

	
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	8
	4
	2
	1
	0

	4
	4
	5
	4
	2
	1

	8
	4
	4
	4
	2
	2



Table 9.1.4-2a: EPDCCH candidates monitored by a UE 
(One Localized EPDCCH-PRB-set - Case1, Case 2)
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 1
	Number of EPDCCH candidates
 [image: ] for Case 2

	
	L=2
	L=4
	L=8
	L=16
	L=1
	L=2
	L=4
	L=8

	2
	4
	2
	1
	0
	4
	2
	1
	0

	4
	8
	4
	2
	1
	8
	4
	2
	1

	8
	6
	6
	2
	2
	6
	6
	2
	2



Table 9.1.4-2b: EPDCCH candidates monitored by a UE 
(One Localized EPDCCH-PRB-set – Case 3)
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 3

	
	L=1
	L=2
	L=4
	L=8

	2
	8
	4
	2
	1

	4
	6
	6
	2
	2

	8
	6
	6
	2
	2


.
Table 9.1.4-3a: EPDCCH candidates monitored by a UE 
(Two Distributed EPDCCH-PRB-sets - Case1, Case 2)
	[image: ]
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 1
	Number of EPDCCH candidates
 [image: ] for Case 2

	
	
	L=2
	L=4
	L=8
	L=16
	L=32
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	4,4
	2,2
	1,1
	0,0
	0,0
	4,4
	2,2
	1,1
	0,0
	0,0

	4
	4
	3,3
	3,3
	1,1
	1,1
	0,0
	3,3
	3,3
	1,1
	1,1
	0,0

	8
	8
	3,3
	2,2
	1,1
	1,1
	1,1
	3,3
	2,2
	1,1
	1,1
	1,1

	4
	2
	5,3
	3,2
	1,1
	1,0
	0,0
	5,3
	3,2
	1,1
	1,0
	0,0

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

	8
	4
	3,3
	2,2
	2,1
	1,1
	1,0
	3,3
	2,2
	2,1
	1,1
	1,0



Table 9.1.4-3b: EPDCCH candidates monitored by a UE 
(Two Distributed EPDCCH-PRB-sets – Case 3)
	[image: ]
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 3

	
	
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	2,2
	3,3
	2,2
	1,1
	0,0

	4
	4
	2,2
	2,2
	2,2
	1,1
	1,1

	8
	8
	2,2
	2,2
	2,2
	1,1
	1,1

	4
	2
	3,1
	3,2
	3,1
	1,1
	1,0

	8
	2
	3,1
	4,1
	3,1
	1,1
	1,0

	8
	4
	2,2
	2,2
	2,2
	1,1
	1,1



Table 9.1.4-4a: EPDCCH candidates monitored by a UE 
(Two Localized EPDCCH-PRB-sets - Case1, Case 2)
	[image: ]
	[image: ]
	Number of EPDCCH candidates
 [image: ]for Case 1
	Number of EPDCCH candidates
 [image: ] for Case 2

	
	
	L=2
	L=4
	L=8
	L=16
	L=1
	L=2
	L=4
	L=8

	2
	2
	4,4
	2,2
	1,1
	0,0
	4,4
	2,2
	1,1
	0,0

	4
	4
	3,3
	3,3
	1,1
	1,1
	3,3
	3,3
	1,1
	1,1

	8
	8
	3,3
	3,3
	1,1
	1,1
	3,3
	3,3
	1,1
	1,1

	4
	2
	4,3
	4,2
	1,1
	1,0
	4,3
	4,2
	1,1
	1,0

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

	8
	4
	3,3
	3,3
	1,1
	1,1
	3,3
	3,3
	1,1
	1,1



Table 9.1.4-4b: EPDCCH candidates monitored by a UE 
(Two Localized EPDCCH-PRB-sets – Case 3)
	[image: ]
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 3

	
	
	L=1
	L=2
	L=4
	L=8

	2
	2
	3,3
	3,3
	1,1
	1,1

	4
	4
	3,3
	3,3
	1,1
	1,1

	8
	8
	3,3
	3,3
	1,1
	1,1

	4
	2
	4,2
	4,2
	1,1
	1,1

	8
	2
	4,2
	4,2
	1,1
	1,1

	8
	4
	3,3
	3,3
	1,1
	1,1



Table 9.1.4-5a: EPDCCH candidates monitored by a UE (NOTE)
	[image: ]
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 1
	Number of EPDCCH candidates
 [image: ] for Case 2

	
	
	L=2
	L=4
	L=8
	L=16
	L=32
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	4,4
	2,2
	1,1
	0,0
	0,0
	4,4
	2,2
	1,1
	0,0
	0,0

	4
	4
	4,2
	4,3
	0,2
	0,1
	0,0
	4,2
	4,3
	0,2
	0,1
	0,0

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

	2
	4
	4,3
	2,4
	0,2
	0,1
	0,0
	4,3
	2,4
	0,2
	0,1
	0,0

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

	4
	2
	5,2
	4,2
	1,1
	1,0
	0,0
	5,2
	4,2
	1,1
	1,0
	0,0

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

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

	8
	4
	6,1
	4,2
	0,2
	0,1
	0,0
	6,1
	4,2
	0,2
	0,1
	0,0

	
NOTE:	One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set, - Case1, Case 2;
 [image: ] is the identity of the localized EPDCCH-PRB-set,
 [image: ] is the identity of the distributed EPDCCH-PRB-set




Table 9.1.4-5b: EPDCCH candidates monitored by a UE (NOTE)

	[image: ]
	[image: ]
	Number of EPDCCH candidates
 [image: ] for Case 3

	
	
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	4,1
	4,2
	2,2
	0,1
	0,0

	4
	4
	4,1
	4,1
	2,2
	0,1
	0,1

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

	2
	4
	4,1
	4,1
	2,2
	0,1
	0,1

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

	4
	2
	4,1
	4,1
	2,2
	1,1
	0,0

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

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

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

	
NOTE:	One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set - Case 3);
 [image: ]is the identity of the localized EPDCCH-PRB-set, 
[image: ] is the identity of the distributed EPDCCH-PRB-set)




If the UE is not configured with a carrier indicator field, then the UE shall monitor one EPDCCH UE-specific search space at each of the aggregation levels given by Tables 9.1.4-1a to 9.1.4-5b on each activated serving cell for which it is configured to monitor EPDCCH. 
If a UE is configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the UE shall monitor one or more EPDCCH UE-specific search spaces at each of the aggregation levels given by Tables 9.1.4-1a to 9.1.4-5b on one or more activated serving cells as configured by higher layer signalling. 
A UE configured with the carrier indicator field associated with monitoring EPDCCH on serving cell c shall monitor EPDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the EPDCCH UE specific search space of serving cell c.
A UE configured with the carrier indicator field associated with monitoring EPDCCH on the primary cell shall monitor EPDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI or UL-SPS-V-RNTI in the EPDCCH UE specific search space of the primary cell.
A UE is not expected to be configured to monitor EPDCCH with carrier indicator field in an LAA Scell
A UE is not expected to be scheduled with PDSCH starting in the second slot in a subframe in an LAA Scell if the UE is configured to monitor EPDCCH with carrier indicator field corresponding to that LAA Scell in another serving cell
For the serving cell on which EPDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall monitor the EPDCCH UE specific search space for EPDCCH without carrier indicator field, if the UE is configured with a carrier indicator field it shall monitor the EPDCCH UE specific search space for EPDCCH with carrier indicator field.
A UE is not expected to monitor the EPDCCH of a secondary cell if it is configured to monitor EPDCCH with carrier indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which EPDCCH is monitored, the UE shall monitor EPDCCH candidates at least for the same serving cell. 
A UE configured to monitor EPDCCH candidates in a given serving cell with a given DCI format size with CIF, and CRC scrambled by C- RNTI, where the EPDCCH candidates may have one or more possible values of CIF for the given DCI format size, shall assume that an EPDCCH candidate with the given DCI format size may be transmitted in the given serving cell in any EPDCCH UE specific search space corresponding to any of the possible values of CIF for the given DCI format size.
For the serving cell on which EPDCCH is monitored, a UE is not required to monitor the EPDCCH in a subframe which is configured by higher layers to be part of a positioning reference signal occasion if the positioning reference signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is normal cyclic prefix.
A UE may assume the same [image: ] value (described in Subclause 6.10.3A.1 of [3]) is used for antenna ports 107,108 while monitoring an EPDCCH candidate associated with either antenna port 107 or antenna port 108. 
A UE may assume the same [image: ] value (described in Subclause 6.10.3A.1 of [3]) is used for antenna ports 109,110 while monitoring an EPDCCH candidate associated with either antenna port 109 or antenna port 110.
[bookmark: _Toc415085509]9.1.4.1	EPDCCH starting position
For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions according to transmission modes 1-9, 
· if the UE is configured with a higher layer parameter epdcch-StartSymbol-r11, 
· the starting OFDM symbol for EPDCCH given by index [image: ] is determined from the higher layer parameter, 
· otherwise 
· the starting OFDM symbol for EPDCCH given by index [image: ] is given by the CFI value in the subframe of the given serving cell when [image: ], and [image: ] is given by the CFI value+1 in the subframe of the given serving cell when [image: ]
For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions according to transmission mode 10, for each EPDCCH-PRB-set, the starting OFDM symbol for monitoring EPDCCH in subframe [image: ] is determined from the higher layer parameter pdsch-Start-r11 (defined in Subclause 9.1.4.3) as follows 
· if the value of the parameter pdsch-Start-r11 belongs to {1,2,3,4}, 
· [image: ] is given by the higher layer parameter pdsch-Start-r11
· otherwise 
· [image: ] is given by the CFI value in subframe [image: ] of the given serving cell when [image: ], and [image: ] is given by the CFI value+1 in subframe [image: ]of the given serving cell when [image: ]
· if subframe [image: ] is indicated by the higher layer parameter mbsfn-SubframeConfigList-r11 (defined in Subclause 9.1.4.3), or if subframe [image: ] is subframe 1 or 6 for frame structure type 2,
· [image: ], 
· otherwise 
· [image: ].
[bookmark: _Toc415085510]If a serving cell is a LAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates 's07'
· for monitoring EPDCCH candidates starting in the first slot of the subframe, the starting OFDM symbol for EPDCCH is given by index [image: ] in the first slot in a subframe;
·  for monitoring EPDCCH candidates starting in the second slot of the subframe, the starting OFDM symbol for EPDCCH is given by index [image: ] in the second slot in a subframe;
otherwise
· the starting OFDM symbol for EPDCCH is given by index [image: ] in the first slot in a subframe.
9.1.4.2	Antenna ports quasi co-location for EPDCCH
For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions according to transmission modes 1-9, and if the UE is configured to monitor EPDCCH,
-	the UE may assume the antenna ports 0 – 3, 107 – 110 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set,
-	if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-A as described in Subclause 7.1.10
-	the UE may assume the antenna ports 0 – 3, 107 – 110 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
-	if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-B or type C as described in Subclause 7.1.10
-	the UE may assume antenna ports 15 – 22 corresponding to the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 (defined in Subclause 9.1.4.3) and antenna ports 107-110 are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
[bookmark: _Toc415085511]9.1.4.3	Resource mapping parameters for EPDCCH
For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set, the UE shall use the parameter set indicated by the higher layer parameter re-MappingQCL-ConfigId-r11 for determining the EPDCCH RE mapping (defined in Subclause 6.8A.5 of [3]) and EPDCCH antenna port quasi co-location. The following parameters for determining EPDCCH RE mapping (as described in Subclause 6.8A.5 of [3]) and EPDCCH antenna port quasi co-location are included in the parameter set:
-	crs-PortsCount-r11. 
-	crs-FreqShift-r11. 
-	mbsfn-SubframeConfigList-r11.
-	csi-RS-ConfigZPId-r11. 
-	pdsch-Start-r11.
-	qcl-CSI-RS-ConfigNZPId-r11.
-	csi-RS-ConfigZPId2-r12 if the UE is configured with CSI subframe sets [image: ] and [image: ] by the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell or the UE is configured with higher layer parameter eMIMO-Type for TDD serving cell.
[bookmark: _Toc415085512]9.1.4.4	PRB-pair indication for EPDCCH
For BL/CE UEs and USS, following is applied in the rest of this Subclause.
-	 is used in place of .
-	If =2+4, PRB-pairs of the 2 PRB set is obtained using resourceBlockAssignment-r11 and the procedure described in the rest of this Subclause. PRB-pairs of the 4 PRB set is the remaining 4 PRB-pairs in PRB-pairs in MPDCCH-PRB-set [image: ]. If =2, PRB-pairs of the 2 PRB set is obtained using resourceBlockAssignment-r11 and the procedure described in the rest of this Subclause. If =4, PRB-pairs of the 4 PRB set is obtained using resourceBlockAssignment-r11 and the procedure described in the rest of this Subclause.
-	 is set to 6.
For a given serving cell, for each EPDCCH-PRB-pair set/MPDCCH-PRB-pair set [image: ], the UE is configured with a higher layer parameter resourceBlockAssignment-r11 indicating a combinatorial index [image: ] corresponding to the PRB index [image: ], ([image: ]) and given by equation [image: ], where [image: ] is the number of PRB pairs associated with the downlink bandwidth, [image: ] is the number of PRB-pairs constituting EPDCCH-PRB-set/MPDCCH-PRB-pair set [image: ], and is configured by the higher layer parameter numberPRBPairs-r11, and [image: ] is the extended binomial coefficient, resulting in unique label [image: ].

9.1.5	MPDCCH assignment procedure
A BL/CE UE shall monitor a set of MPDCCH candidates on one or more Narrowbands (described in Subclause 6.2.7 of [3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the MPDCCHs in the set according to all the monitored DCI formats. The Narrowband in a subframe used for MPDCCH monitoring is determined as described in [3].
A UE that is not a BL/CE UE is not required to monitor MPDCCH.
A BL/CE UE can derive the configuration of one or two MPDCCH-PRB-sets for MPDCCH monitoring from higher layer signalling. The PRB-pairs corresponding to MPDCCH-PRB-set  are indicated by higher layers. Each MPDCCH-PRB-set consists of set of ECCEs numbered from 0 to where is the number of ECCEs in MPDCCH-PRB-set [image: ] of subframe [image: ]. 
The MPDCCH-PRB-set(s) can be configured by higher layers for either localized MPDCCH transmission or distributed MPDCCH transmission.
The set of MPDCCH candidates to monitor are defined in terms of MPDCCH search spaces.
The BL/CE UE shall monitor one or more of the following search spaces
-	a Type0-MPDCCH common search space if configured with CEmodeA, 
-	a Type1-MPDCCH common search space, 
-	a Type1A-MPDCCH common search space,
-	a Type2-MPDCCH common search space, 
-	a Type2A-MPDCCH common search space, and 
-	a MPDCCH UE-specific search space. 
A BL/CE UE configured with CEModeB is not required to monitor Type0-MPDCCH common search space.
The BL/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Type1-MPDCCH common search space.
The BL/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Type2-MPDCCH common search space. 
The BL/CE UE is not required to monitor Type1A-MPDCCH common search space or Type2A-MPDCCH common search space if the set of subframes comprising the search space include any subframes in which it monitors Type1-MPDCCH common search space or any subframes in which the UE receives PDSCH assigned by PDCCH with DCI CRC scrambled by P-RNTI.
The BL/CE UE is not required to monitor Type2A-MPDCCH common search space if the set of subframes comprising the search space include any subframes in which it monitors Type1A-MPDCCH common search space or any subframes in which the UE receives PDSCH assigned by MPDCCH with DCI CRC scrambled by SC-RNTI.
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. 
For aggregation level  or  ECCEs, the number of ECCEs refers to the MPDCCH mapping to the REs of the 2+4 PRB set as defined in [3]. An MPDCCH search space at aggregation level  and repetition level is defined by a set of MPDCCH candidates where each candidate is repeated in a set of  consecutive BL/CE downlink subframes starting with subframe . For an MPDCCH-PRB-set [image: ], the ECCEs corresponding to MPDCCH candidate m of the search space  are given by 

where

,
is the number of MPDCCH candidates to monitor at aggregation level in MPDCCH-PRB-set [image: ] in each subframe in the set of  consecutive subframes. 
for MPDCCH UE-specific search space is determined as described in Subclause 9.1.4, and for Type0-MPDCCH common search space, Type1-MPDCCH common search space and Type2-MPDCCH common search space. 
For , if subframe is a special subframe that does not support MPDCCH according to table 6.8B.1-1 in [3], the UE shall calculate  by assuming for normal cyclic prefix and for extended cyclic prefix.
A BL/CE UE is not expected to monitor MPDCCH in subframes that are not BL/CE DL subframes.
Until BL/CE UE receives higher layer configuration of MPDCCH UE-specific search space, the BL/CE UE monitors MPDCCH according to the same configuration of MPDCCH search space and Narrowband as that for MPDCCH scheduling Msg4.
The aggregation and repetition levels defining the MPDCCH search spaces and the number of monitored MPDCCH candidates are given as follows: 
For MPDCCH UE-specific search space
-	if the BL/CE UE is configured with =2 or =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  is substituted with  for ≤24, and  is substituted with .
-	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  is substituted with  and  is substituted with .
-	otherwise
-	if the UE is configured with CEModeA, and =2 or =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 =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 =2 or =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 =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
is the number of PRB-pairs configured for MPDCCH UE-specific search space. When =2+4, it is given by the higher layer parameter numberPRB-Pairs-r13, and when =2 or =4, it is given by the higher layer parameter numberPRB-Pairs-r11. 
, , , are determined from Table 9.1.5-3 by substituting the value of  with the value of higher layer parameter mPDCCH-NumRepetition.
The PRB-pairs within a Narrowband corresponding to an MPDCCH-PRB-set are indicated by higher layers and are determined using the description given in Subclause 9.1.4.4. 
If higher layer configuration numberPRB-Pairs-r13 for MPDCCH-PRB-set [image: ]is 6, =2+4, and the number of PRB-pairs in an MPDCCH-PRB-set [image: ]= 2+4.
If Type2-MPDCCH common search space or Type2A-MPDCCH common search space, 
-	PRB-pairs of the 2 PRB set in the 2+4 PRB set correspond to PRB-pairs with the largest two PRB indices in MPDCCH-PRB-set [image: ].
-	PRB-pairs of the4 PRB set in the 2+4 PRB set correspond to PRB-pairs with the smallest 4 PRB indices in MPDCCH-PRB-set [image: ].
-	PRB-pairs of the 2+4 PRB set in the 2+4 PRB set correspond to all PRB-pairs in MPDCCH-PRB-set [image: ]
Table 9.1.5-1a: MPDCCH candidates monitored by a BL/CE UE 
(CEModeA, MPDCCH-PRB-set size – 2PRBs or 4PRBs)
	
	R
	

	
	
	L'=2
	L'=4
	L'=8
	L'=16
	L'=24

	2 
	r1
	2
	1
	1
	0
	0

	4 
	
	1
	1
	1
	1
	0

	2
	r2
	2
	1
	1
	0
	0

	4
	
	1
	1
	1
	1
	0

	2
	r3
	2
	1
	1
	0
	0

	4
	
	1
	1
	1
	1
	0

	2
	r4
	2
	1
	1
	0
	0

	4
	
	1
	1
	1
	1
	0



Table 9.1.5-1b: MPDCCH candidates monitored by a BL/CE UE 
(CEModeA, MPDCCH-PRB-set size – 2+4PRBs)
	MPDCCH PRB set
	R
	

	
	
	L'=2
	L'=4
	L'=8
	L'=16
	L'=24

	2 PRB set in 2+4 PRB set
	r1
	1
	1
	0
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	2
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r2

	0
	1
	1
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	2
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r3

	0
	0
	0
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	1
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r4

	0
	0
	0
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	0
	0
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1



Table 9.1.5-2a: MPDCCH candidates monitored by a BL/CE UE 
(CEModeB, MPDCCH-PRB-set size – 2PRBs or 4PRBs)
	
	R
	

	
	
	L'=2
	L'=4
	L'=8
	L'=16
	L'=24

	2 
	r1
	0
	0
	1
	0
	0

	4 
	
	0
	0
	1
	1
	0

	2
	r2
	0
	0
	1
	0
	0

	4
	
	0
	0
	1
	1
	0

	2
	r3
	0
	0
	1
	0
	0

	4
	
	0
	0
	1
	1
	0

	2
	r4
	0
	0
	1
	0
	0

	4
	
	0
	0
	1
	1
	0



Table 9.1.5-2b: MPDCCH candidates monitored by a BL/CE UE 
(CEModeB, MPDCCH-PRB-set size – 2+4PRBs)
	MPDCCH PRB set
	R
	

	
	
	L'=2
	L'=4
	L'=8
	L'=16
	L'=24

	2 PRB set in 2+4 PRB set
	r1
	0
	0
	1
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	0
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r2

	0
	0
	1
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	0
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r3

	0
	0
	1
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	0
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r4

	0
	0
	1
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	0
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1



Table 9.1.5-3: Determination of repetition levels
	
	
	
	
	

	1
	1
	-
	-
	-

	2
	1
	2
	-
	-

	4
	1
	2
	4
	-

	>=8
	
	
	
	



Table 9.1.5-4: Repetition levels for Type1/1A-MPDCCH common search space
	
	
	
	
	

	256
	2
	16
	64
	256

	128
	2
	16
	64
	128

	64
	2
	8
	32
	64

	32
	1
	4
	16
	32

	16
	1
	4
	8
	16

	8
	1
	2
	4
	8

	4
	1
	2
	4
	-

	2
	1
	2
	-
	-

	1
	1
	-
	-
	-



For Type0-MPDCCH common search space, the narrowband location and the MPDCCH-PRB-set [image: ] are the same as for MPDCCH UE-specific search space, and
-	if =2, 
-	=1 for =8 and repetition levels ,, ,  given in Table 9.1.5.-3. For all other cases, =0
-	if =4, 
-	=1 for =16 and repetition levels ,, ,  given in Table 9.1.5.-3. For all other cases, =0
-	if =2+4, 
-	=1 for =24 and repetition levels ,, ,  given in Table 9.1.5.-3. For all other cases, =0
where , , ,  are determined from Table 9.1.5-3 by substituting the value of  with the value of higher layer parameter mPDCCH-NumRepetition.
For Type1-MPDCCH common search space and Type1A-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set [image: ]is 2+4 PRB-pairs, and
-	=1 for =24 and repetition levels ,, ,  where the repetition levels are determined from Table 9.1.5-4 by substituting the value of 
-	with higher layer parameter mPDCCH-NumRepetition-Paging for Type1-MPDCCH common search space, and
-	with higher layer parameter mpdcch-NumRepetitions-SC-MCCH for Type1A-MPDCCH common search space. 
-	For all other cases, =0
For Type2-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set [image: ]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 <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 , , , are determined from Table 9.1.5-3 by substituting the value of  with the value of higher layer parameter mPDCCH-NumRepetition-RA. 
For Type2A-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set [image: ]is 2+4 PRB-pairs, and 
-	for CEModeA, 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 <8 as zero,
-	for CEModeB, 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 , , , are determined from Table 9.1.5-3 by substituting the value of  with the value of higher layer parameter mpdcch-NumRepetitions-SC-MTCH.
In tables 9.1.5-1a, 9.1.5-1b, 9.1.5-2a, 9.1.5-2b, and for Type0, Type1, Type1A, Type2, Type2A MPDCCH common search space,  is applied for =4, and  is applied for =8 wherein  substituting the values of .
For Type1-MPDCCH common search space, Type1A-MPDCCH common search space, Type2-MPDCCH common search space and Type2A-MPDCCH common search space, distributed MPDCCH transmission is used.
For MPDCCH UE-specific search space, Type0-MPDCCH common search space, Type1A-MPDCCH common search space, Type2-MPDCCH common search space and Type2A-MPDCCH common search space locations of starting subframe  are given by where is the th consecutive BL/CE DL subframe from subframe , and , and , and , where
-	subframe  is a subframe satisfying the condition , where 
-	For MPDCCH UE-specific search space, and Type0-MPDCCH common search space,  is given by the higher layer parameter mPDCCH-startSF-UESS, 
-	For Type1A-MPDCCH common search space,  is given by the higher layer parameter mpdcch-startSF-SC-MCCH
-	For Type2-MPDCCH common search space,  is given by the higher layer parameter mPDCCH-startSF-CSS-RA-r13
-	For Type2A-MPDCCH common search space,  is given by the higher layer parameter mpdcch-startSF-SC-MTCH
-	is given by higher layer parameter mpdcch-Offset-SC-MTCH for Type2A-MPDCCH common search space, and otherwise; and
-	is given by higher layer parameter mPDCCH-NumRepetition for MPDCCH UE-specific search space and Type0-MPDCCH common search space, and mPDCCH-NumRepetition-RA for Type2-MPDCCH common search space, and mpdcch-NumRepetitions-SC-MCCH for Type1A-MPDCCH common search space, and mpdcch-NumRepetitions-SC-MTCH for Type2A-MPDCCH common search space and 
-	, , , are given in Table 9.1.5-3. 
A BL/CE UE is not expected to be configured with values of and that result in non-integer values of .
For Type1-MPDCCH common search space, = and is determined from locations of paging opportunity subframes, 
If SystemInformationBlockType1-BR or SI message is transmitted in one narrowband in subframe , a BL/CE UE shall assume MPDCCH in the same narrowband in the subframe  is dropped.
The BL/CE UE is not required to monitor an MPDCCH search space if any ECCEs corresponding to any of its MPDCCH candidates occur within a frame before and also occur within frame. 
The BL/CE UE is not expected to be configured with overlapping MPDCCH search spaces.
For MPDCCH UE-specific search space or for Type0-MPDCCH common search space if the higher layer parameter mPDCCH-NumRepetition is set to 1; or for Type2-MPDCCH common search space if the higher layer parameter mPDCCH-NumRepetition-RA is set to 1; or for Type2A-MPDCCH common search space if the higher layer parameter mpdcch-NumRepetitions-SC-MTCH is set to 1;
-	The BL/CE UE is not required to monitor MPDCCH
-	For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown in Table 4.2-1 of [3]
-	For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7 shown in Table 4.2-1 of [3];
otherwise
-	The BL/CE UE is not required to monitor MPDCCH
-	For TDD, in special subframes, if the BL/CE UE is configured with CEModeB
-	For TDD and normal downlink CP, in special subframes for the special subframe configurations 0, 1, 2, 5, 6, 7, 9, and 10 shown in Table 4.2-1 of [3], if the BL/CE UE is configured with CEModeA
-	For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4, 7, 8, 9, and 10 shown in Table 4.2-1 of [3], if the BL/CE UE is configured with CEModeA. 
-	For TDD, in special subframes, for MPDCCH in Type1/1A-MPDCCH common search space.
The number of MPDCCH repetitions is indicated in the 'DCI subframe repetition number' field in the DCI according to the mapping in Table 9.1.5-5.
Table 9.1.5-5: Mapping for DCI subframe repetition number
	R
	DCI subframe repetition number

	
	

	
	00

	
	01

	
	10

	
	11



9.1.5.1	MPDCCH starting position
The starting OFDM symbol for MPDCCH given by index  in the first slot in a subframe  and is determined as follows
-	is given by the higher layer parameter startSymbolBR
-	if subframe  is a special subframe or configured as an MBSFN subframe, and if the BL/CE UE is configured in CEModeA
-	
-	else
-	.
9.1.5.2	Antenna ports quasi co-location for MPDCCH
Regardless of transmission modes configuration of PDSCH data transmissions, the BL/CE UE may assume the antenna ports 0 – 3, 107 – 110 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
9.1.6	SPDCCH assignment procedure
If the UE is configured with shortTTI, and SPDCCH is monitored in a slot, the term 'slot/subslot' refers to a slot in this clause.
If the UE is configured with shortTTI, and SPDCCH is monitored in a subslot, the term 'slot/subslot' refers to a subslot in this clause.
For each serving cell, higher layer signalling can configure a UE with 
-	one or two SPDCCH-PRB-sets for SPDCCH monitoring in a slot/subslot of a non-MBSFN subframe, and
-	one or two SPDCCH-PRB-sets for SPDCCH monitoring in a slot/subslot of an MBSFN subframe. 
The PRBs corresponding to a SPDCCH-PRB-set are indicated by higher layers as described in Subclause 9.1.6.2. Each SPDCCH-PRB-set consists of a set of SCCEs numbered from 0 to where is the number of SCCEs in SPDCCH-PRB-set [image: ] in a subframe. Each SPDCCH-PRB-set can be configured for either localized SPDCCH transmission or distributed SPDCCH transmission. 
The UE shall monitor a set of SPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the SPDCCHs in the set according to the monitored DCI formats. 
A UE is not required to monitor CRS-based SPDCCH in an MBSFN subframe. 
A UE is not required to monitor CRS-based SPDCCH and DMRS-based SPDCCH in a slot/subslot if the UE does not support differentRSType.
A UE is not expected to receive DMRS-based SPDCCH scheduling PDSCH in slots/subslots where the UE is configured with DL transmission modes 1-4, 6.
The UE is not expected to be configured to monitor SPDCCH with carrier indicator field in a given serving cell.
The UE is not expected to monitor 
-	SPDCCH in the first subslot of a subframe
-	SPDCCH in the first slot of a subframe if higher layer parameters dl-TTI-Length is set to ‘slot’ .
The set of SPDCCH candidates to monitor are defined in terms of SPDCCH UE-specific search spaces. An SPDCCH UE-specific search space or slot/subslot number k at aggregation level  is defined by a set of SPDCCH candidates. 
For a CRS-based SPDCCH-PRB-set or a DMRS-based SPDCCH-PRB-set configured with localized SPDCCH transmission in slot/subslot number , the SCCEs corresponding to SPDCCH candidate of the search space  at aggregation level are given by

For a DMRS-based SPDCCH-PRB-set configured with distributed SPDCCH transmission in slot/subslot number k, the SCCEs corresponding to SPDCCH candidate of the search space are given by
 
where
 is determined by higher layer parameter al-StartingSCCE-forSPDCCH, 
[image: ]
is the number of SPDCCH candidates, determined by higher layer parameter dci7-CandidateSetsPerAL-SPDCCH-r15, to monitor among all the configured DCI formats for an aggregation level in SPDCCH-PRB-set in slot/subslot number,.
For SPDCCH-PRB-set [image: ], and k belonging to the set of subslots indicated by higher layer parameter subslotApplicability-r15, is given by the first value of higher layer parameter dci7-CandidateSetsPerAL-SPDCCH-r15 corresponding to aggregation level , otherwise,  is given by the second value of higher layer parameter dci7-CandidateSetsPerAL-SPDCCH-r15 corresponding to aggregation level .
The UE is not required to receive DMRS-based SPDCCH on resource blocks of a PRG overlapping with PBCH or primary or secondary synchronization signals in a slot/subslot. 
A UE is not expected to be configured to monitor more than 
-	6 SPDCCH candidates on a service cell in a subslot if the higher layer parameter dl-TTI-Length is set to 'subslot'
-	12 SPDCCH candidates on a serving cell in a slot if the higher layer parameter dl-TTI-Length is set to 'slot'.
A UE is not expected to monitor SPDCCH candidates over more than 
-	16 SCCEs on a serving cell in a subslot if the higher layer parameter dl-TTI-Length is set to 'subslot'
-	32 SCCEs on a serving cell in a slot if the higher layer parameter dl-TTI-Length is set to 'slot'
A UE is not expected to monitor more than  numberOfBlindeDecodesUSS DCI blind decodes on PDCCH/EPDCCH and SPDCCH UE-specific search space(s) in a subframe if the UE indicated capability numberOfBlindeDecodesUSS . 
9.1.6.1	Resource mapping parameters for SPDCCH 
For a given serving cell, if the UE is configured via higher layer signalling to monitor SPDCCH, for each SPDCCH-PRB-set, for
-	CRS-based SPDCCH, the UE shall use the parameter set indicated by the higher layer parameter sPDCCH-NoOfSymbols to determine the SPDCCH symbols starting from the first OFDM symbol of the slot/subslot.
9.1.6.2	PRB-pair indication for SPDCCH
For a given serving cell, for each CRS-based SPDCCH-PRB set [image: ], the UE is configured with a higher layer parameter resourceBlockAssignment indicating a combinatorial index [image: ] corresponding to the PRB index [image: ], ([image: ]) and given by equation [image: ], where [image: ] is the number of PRB-pairs associated with the downlink bandwidth, [image: ] is the number of PRB-pairs constituting SPDCCH-PRB-set[image: ], and is configured by the higher layer parameter numberRB-InFreq-domain and [image: ] is the extended binomial coefficient, resulting in unique label [image: ].
For a given serving cell, for each DMRS-based SPDCCH-PRB set [image: ], the UE is configured with a higher layer parameter resourceBlockAssignment indicating a combinatorial index [image: ] corresponding to the PRB indices , and , () and given by equation , where [image: ] is the number of PRB-pairs associated with the downlink bandwidth, [image: ] is the number of PRB-pairs constituting SPDCCH-PRB-set[image: ], and is configured by the higher layer parameter numberRB-InFreq-domain and [image: ] is the extended binomial coefficient, resulting in unique label .
9.1.6.3	Physical Resource Block (PRB) bundling for DMRS-based SPDCCH 
For an SPDCCH-PRB-set with DMRS-based SPDCCH candidates, precoding granularity is 2 resource blocks in frequency domain. Precoding Resource block Groups (PRGs) of size 2 partition the system bandwidth and each PRG consists of consecutive PRBs. The UE is expected to receive UE-specific reference signal corresponding to a DMRS-based SPDCCH candidate over both resource blocks of a PRG. If  then, no DMRS-based SPDCCH candidate is mapped to the last resource block. The UE may assume that the same precoder applies on the two PRBs within a PRG.
9.1.6.4	Antenna ports quasi co-location for DMRS-based SPDCCH
For a given serving cell, if the UE is configured to monitor DMRS-based SPDCCH in slots/subslots where the UE is configured via higher layer signalling to receive slot/subslot-PDSCH data transmissions according to transmission modes 8 and 9,
-	the UE may assume the antenna ports 0 – 3, 107 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
For a given serving cell, if the UE is configured to monitor DMRS-based SPDCCH in slots/subslots where the UE is configured via higher layer signalling to receive slot/subslot-PDSCH data transmissions according to transmission modes 10, for each DMRS-based SPDCCH-PRB-set,
-	if the UE is configured by higher layers to decode slot/subslot-PDSCH according to quasi co-location Type-A as described in Subclause 7.1.10
-	the UE may assume the antenna ports 0 – 3, 107 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
-	if the UE is configured by higher layers to decode slot/subslot-PDSCH according to quasi co-location Type-B as described in Subclause 7.1.10
-	the UE may assume antenna ports 15 – 22 corresponding to the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 (defined in Subclause 9.1.4.3) and antenna port 107 are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
[bookmark: _Toc415085513]
9.2	PDCCH/EPDCCH/MPDCCH/SPDCCH validation for semi-persistent scheduling
A UE shall validate a Semi-Persistent Scheduling assignment PDCCH only if all the following conditions are met: 
-	the CRC parity bits obtained for the PDCCH payload are scrambled with the Semi-Persistent Scheduling C-RNTI or UL-SPS-V-RNTI
-	the new data indicator field is set to '0'. In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator field refers to the one for the enabled transport block. 
A UE shall validate a Semi-Persistent Scheduling assignment EPDCCH only if all the following conditions are met: 
-	the CRC parity bits obtained for the EPDCCH payload are scrambled with the Semi-Persistent Scheduling C-RNTI or UL-SPS-V-RNTI
-	the new data indicator field is set to '0'. In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator field refers to the one for the enabled transport block.
A UE shall validate a Semi-Persistent Scheduling assignment MPDCCH only if all the following conditions are met: 
-	the CRC parity bits obtained for the MPDCCH payload are scrambled with the Semi-Persistent Scheduling C-RNTI
-	the new data indicator field is set to '0'. 
A UE shall validate a Semi-Persistent Scheduling assignment SPDCCH/PDCCH with DCI format 7-0A/7-0B/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G only if all the following conditions are met: 
-	the CRC parity bits obtained for the SPDCCH/PDCCH payload are scrambled with the Semi-Persistent Scheduling C-RNTI
-	the new data indicator field is set to '0'.
-	the DMRS position indicator field for DCI formats 7-1F/7-1G is set to 0 in case of subslot-PDSCH.
-	in case of subslot-PUSCH, the DMRS pattern field for DCI formats 7-0A/7-0B is set to,
-	'0' for the LSB if the higher layer parameter semiPersistSchedIntervalUL is set to 1 subslot or if the UE is configured with higher layer parameter totalNumberPUSCH-SPS-STTI-UL-Repetitions, '00' otherwise for semi-persistent scheduling activation PDCCH /SPDCCH validation, 
-	'11' for semi-persistent scheduling release PDCCH /SPDCCH validation,
If the UE is not configured with higher layer parameter totalNumberPUSCH-SPS-STTI-UL-Repetitions or totalNumberPUSCH-SPS-UL-Repetitions for an uplink SPS configuration, vValidation is achieved if all the fields for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-1A, 9.2-1B, 9.2-1C; otherwise, if the UE is configured with more than one uplink SPS configurations on a given serving cell, validation is achieved if all the fields excluding the 3 least significant bits of HARQ process number field for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-1A.	Comment by MM6a: Editor’s note]:

Agreements:

When N > 1 is configured for UL SPS, the 3 LSB of the bit field for HARQ process ID in the SPS activation/deactivation DCI indicate which SPS configuration is activated/deactivated.
If validation is achieved, the UE shall consider the received DCI information accordingly as a valid semi-persistent activation or release. 
· If the valid DCI format 0 is scrambled with UL-SPS-V-RNTI, the UE shall consider the received DCI information as a valid semi-persistent activation or release only for the SPS configuration indicated by the UL SPS configuration index field.
· On a given serving cell, if the UE is configured with more than one uplink SPS configurations, and if the valid DCI format 0/7-0A/7-0B is scrambled with SPS C-RNTI, the UE shall consider the received DCI information as a valid semi-persistent activation or release only for the SPS configuration indicated by the 3 least significant bits of the HARQ process number field in the DCI.	Comment by MM6a: Editor’s note]:

Agreements:

When N > 1 is configured for UL SPS, the 3 LSB of the bit field for HARQ process ID in the SPS activation/deactivation DCI indicate which SPS configuration is activated/deactivated.
If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a non-matching CRC.
Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH/EPDCCH/SPDCCH Validation
	
	DCI format 0
	DCI format 1/1A
	DCI format
 2/2A/2B/2C/2D
	DCI format
 7-0A/7-0B
	DCI format 7-1A/1B/1C/1D/1E/1F/1G

	TPC command for scheduled PUSCH
	set to '00'
	N/A
	N/A
	set to '00'
	N/A

	Cyclic shift DM RS
	set to '000' if present
	N/A
	N/A
	set to '0'
	N/A

	Modulation and coding scheme 
and redundancy version
	MSB is set to '0'
	N/A
	N/A
	N/A
	N/A

	HARQ process number
	N/A
	FDD: set to '000'
TDD: set to '0000'
	FDD: set to '000'
TDD: set to '0000'
	set to '0000'
	set to '0000'

	Modulation and coding scheme
	N/A
	MSB is set to '0'
	For the enabled transport block:
MSB is set to '0'
	-
	-

	Redundancy version
	N/A
	set to '00'
	For the enabled transport block:
set to '00'
	set to '00'
	set to '00'

	TPC command for slot/subslot-PUCCH
	N/A
	N/A
	N/A
	N/A
	set to '00'

	Cyclic Shift Field mapping table for DMRS
	-
	N/A
	N/A
	set to '0'
	N/A




Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH/EPDCCH/SPDCCH Validation
	
	DCI format 0
	DCI format 1A
	DCI format 
7-0A/7-0B
	DCI format 7-1A/1B/1C/1D/1E/1F/1G

	TPC command for scheduled PUSCH
	set to '00'

	N/A
	set to '00'
	N/A

	Cyclic shift DM RS
	set to '000' if present

	N/A
	set to '0'
	N/A

	Modulation and coding scheme 
and redundancy version
	set to '11111'
	N/A
	N/A
	N/A

	Resource block assignment and 
hopping resource allocation
	Set to all '1's
	N/A
	N/A
	N/A

	HARQ process number
	N/A
	FDD: set to '000'
 TDD: set to '0000'
	set to ‘0000’
	set to ‘0000’

	Modulation and coding scheme
	N/A
	set to '11111'
	set to '11111'
	set to '11111'

	Redundancy version
	N/A
	set to '00'
	set to '00'
	set to '00'

	Resource block assignment
	N/A
	Set to all '1's
	set to all ‘1’s
	set to all ‘1’s

	TPC command for slot/subslot-PUCCH
	N/A
	N/A
	N/A
	set to '00'

	Cyclic Shift Field mapping table for DMRS
	-
	N/A
	set to '0'
	N/A



Table 9.2-1B: Special fields for Semi-Persistent Scheduling Activation MPDCCH Validation
	
	DCI format 6-0A
	DCI format 6-1A

	HARQ process number
	set to '000'
	FDD: set to '000'
TDD: set to '0000

	Redundancy version
	set to '00'
	set to '00'

	TPC command for scheduled PUSCH
	set to '00'
	N/A

	TPC command for scheduled PUCCH
	N/A
	set to '00'



Table 9.2-1C: Special fields for Semi-Persistent Scheduling Release MPDCCH Validation
	
	DCI format 6-0A
	DCI format 6-1A

	HARQ process number
	set to '000'
	FDD: set to '000'
TDD: set to '0000

	Redundancy version
	set to '00'
	set to '00'

	Repetition number
	set to '00'
	set to '00'

	Modulation and coding scheme
	set to '1111'
	set to '1111'

	TPC command for scheduled PUSCH
	set to '00'
	N/A

	Resource block assignment
	Set to all '1's
	Set to all '1's



For the case that the DCI format indicates a semi-persistent downlink scheduling activation, the TPC command for PUCCH field shall be used as an index to one of the four PUCCH resource values configured by higher layers, with the mapping defined in Table 9.2-2
Table 9.2-2: PUCCH resource value for downlink semi-persistent scheduling
	Value of 'TPC command
 for PUCCH'
	[image: ]

	'00'
	The first PUCCH resource value configured by the higher layers

	'01'
	The second PUCCH resource value configured by the higher layers

	'10'
	The third PUCCH resource value configured by the higher layers

	'11'
	The fourth PUCCH resource value configured by the higher layers



[bookmark: _Toc415085514]9.3	PDCCH/EPDCCH/MPDCCH/SPDCCH control information procedure
A UE shall discard the PDCCH/EPDCCH/MPDCCH/SPDCCH if consistent control information is not detected.
For a serving cell, if the UE is configured with higher layer parameter blindSubframePDSCH-Repetitions, the UE shall discard any PDCCH/EPDCCH for PDSCH data transmissions in subframes in which the UE is receiving PDSCH assigned by PDCCH/EPDCCH with DCI format 1A with CRC scrambled by C-RNTI in UE-specific search space.	Comment by MM6a: [Editor’s note]:

Agreements:

The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.
For a serving cell, if the UE is configured with higher layer parameter blindSlotSubslotPDSCH-Repetitions, the UE shall discard any PDCCH/SPDCCH for PDSCH data transmissions in slots/subslots in which the UE is receiving PDSCH assigned by PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI.
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