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For each antenna port  used for transmission of the PUSCH in a subframe the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in clause 5.1.1.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with  to physical resource blocks on antenna port  and assigned for transmission of PUSCH. The relation between the index  and the antenna port number  is given by Table 5.2.1-1. The mapping to resource elements  corresponding to the physical resource blocks assigned for transmission shall fulfil the following criteria: 
-	not used for transmission of reference signals, and
-	not part of the last SC-FDMA symbol in a subframe, if the UE transmits SRS in the same subframe in the same serving cell, and
-	not part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS for non-BL/CE UEs and BL/CE UEs in CEModeA, if the PUSCH transmission partly or fully overlaps with the cell-specific SRS bandwidth, and
-	not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific aperiodic SRS subframe in the same serving cell, and
-	not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs
-	not part of the first SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH starting position '01', '10', or '11' and does not indicate PUSCH mode 2.
-	not part of the first SC-FDMA symbol in the second slot in a subframe if the associated DCI indicates PUSCH starting position '01', '10', or '11' and PUSCH mode 2.
-	not part of the last SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH ending symbol '1' and does not indicate PUSCH mode 3.
-	not part of the second slot in a subframe if the associated DCI indicates PUSCH ending symbol '0' and PUSCH mode 3.
-	not part of SC-FDMA symbols 5 to 13 in a subframe if the associated DCI indicates PUSCH ending symbol '1' and PUSCH mode 3.



The mapping to resource elements  shall be in increasing order of first the index , then the index . The mapping starts with the first slot in an uplink subframe, except for slot-PUSCH, subslot-PUSCH transmission, or PUSCH mode 2. 
[bookmark: _GoBack]In case of a UE configured with the higher layer parameter totalNumberPUSCH-SPS-UL-Repetitions, the mapping applies independently to each of subframes indicated by totalNumberPUSCH-SPS-UL-Repetitions. 
In case of PUSCH transmissions using sub-PRB allocations for BL/CE UEs, the mapping starts over in every valid uplink subframe composing an UL resource unit. 

In case of slot-PUSCH, the mapping shall start at  in the slot assigned for transmission. 
In case of PUSCH mode 2, the mapping shall start at  in the second slot of the subframe assigned for transmission. 

In case of subslot-PUSCH, the mapping shall start at symbol  where the start of the mapping is dependent on the uplink subslot number in the subframe assigned for transmission and the DMRS-pattern field in the related uplink DCI format [3] according to Table 5.3.4-1 where starting symbol index "4" for subslot #5 is applied if the UE has indicated the capability ul-pattern-ddd-r15.
Table 5.3.4-1: Starting symbol index for subslot-PUSCH transmission
	DMRS-pattern field in uplink-related DCI format [3]
	Uplink subslot number

	
	#0
	#1
	#2
	#3
	#4
	#5

	00
	1
	4
	6
	1
	3
	5

	01
	0
	3
	5
	0
	2
	4

	10
	–
	3
	–
	0
	2
	–

	11
	–
	3
	–
	–
	2
	–




In case of a semi-persistently scheduled subslot-PUSCH, and semi-persistent scheduling (i.e. higher layer parameter sps-ConfigUL-STTI is configured, see 3GPP TS 36.331 [9]) with a configured periodicity of 1 subslot (i.e. semiPersistSchedIntervalUL-STTI set to sTTI1), the mapping shall start at symbol  depending on the DMRS-pattern field in the related uplink DCI format [3] according to Table 5.3.4-2. 
In case of a semi-persistently scheduled subslot-PUSCH and semi-persistent scheduling (the higher layer parameter sps-ConfigUL-sTTI-r15 is configured, see 3GPP TS 36.331 [9]) with repetitions enabled (the higher layer parameter totalNumberPUSCH-SPS-STTI-UL-Repetitions is configured), the mapping shall start at symbol  depending on the DMRS-pattern field in the related uplink DCI format [3] according to Table 5.3.4-2.
Table 5.3.4-2: Starting symbol index for subslot-PUSCH transmission in case of semi-persistent scheduling with a configured periodicity of 1 subslot
	DMRS-pattern field in uplink-related DCI format [3]
	Uplink subslot number

	
	#0
	#1
	#2
	#3
	#4
	#5

	00
	1
	4
	6
	1
	3
	5

	10
	1
	3
	6
	0
	3
	5




In case of subslot-PUSCH and semi-persistent scheduling with a configured periodicity longer than 1 subslot the mapping shall start at symbol  according to the first row of Table 5.3.4-2 (i.e. equivalent to a signalling of DMRS-pattern field set to '00'). 
In case of a UE configured with the higher layer parameter totalNumberPUSCH-SPS-STTI-UL-Repetitions, the mapping applies independently to each of slots/subslots indicated by totalNumberPUSCH-SPS-STTI-UL-Repetitions. 



For the UpPTS, the mapping shall start at symbol  and if dmrsLess-UpPts is set to true the mapping shall end at symbol  in the second slot of a special subframe, otherwise, the mapping shall end at symbol  in the second slot of a special subframe.
For BL/CE UEs, the PUSCH transmission is restricted as follows:
-	For CEModeA, if the PUSCH is associated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-pusch-maxBandwidth-config is set to 5 MHz, the maximum number of allocatable PRBs for PUSCH is 24 PRBs. The allocatable PRBs include the PRBs belonging to the narrowbands defined in clause 5.2.4 and the odd PRB at the center of the uplink system bandwidth in case of odd total number of uplink PRBs. If a resource assignment or frequency hopping would result in a PUSCH resource allocation outside the allocatable PRBs then the PUSCH transmission in that subframe is dropped.
-	For all other cases, the maximum number of allocatable PRBs for PUSCH is 6 PRBs restricted to one of the narrowbands defined in clause 5.2.4.
For BL/CE UEs in CEModeB, resource elements in the last SC-FDMA symbol in a subframe configured with cell-specific SRS shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.
For BL/CE UEs, if one or more SC-FDMA symbol(s) are left empty due to guard period for narrowband or wideband retuning, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of the PUSCH. 
For a UE configured with SRS carrier switching, if the first symbol in a subframe overlaps with an SRS transmission (including any interruption due to uplink or downlink RF retuning time) in a carrier without PUSCH/PUCCH, the resource elements in the first SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH. 
For a UE configured with SRS carrier switching, if the last symbol in a subframe is counted in the PUSCH mapping and the last symbol in the subframe overlaps with an SRS transmission (including any interruption due to uplink or downlink RF retuning time) in a carrier without PUSCH/PUCCH, the resource elements in the last SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.
For a UE configured with SRS carrier switching, if the last symbol in a subframe is not counted in the PUSCH mapping and the second-to-last symbol in the subframe overlaps with an SRS transmission (including any interruption due to uplink or downlink RF retuning time) in a carrier without PUSCH/PUCCH, the resource elements in the second-to-last SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH. 
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