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[bookmark: _Toc454817941]3.1	Symbols
For the purposes of the present document, the following symbols apply:



	Resource element with frequency-domain index  and time-domain index 



	Value of resource element  [for antenna port]

	Matrix for supporting cyclic delay diversity

	Density of random access opportunities per radio frame

	Carrier frequency

	PRACH resource frequency index within the considered time-domain location

	PRACH frequency hopping offset, expressed as a number of resource blocks 

 	Start symbol in slot 0 for NPDCCH

 	Start symbol in slot 0 for NPDSCH

	Bandwidth for PSBCH transmission, expressed as a number of subcarriers 

	Bandwidth for PSBCH transmission, expressed as a number of resource blocks

	Bandwidth for PSCCH transmission, expressed as a number of subcarriers 

	Bandwidth for PSCCH transmission, expressed as a number of resource blocks

	Bandwidth for PSDCH transmission, expressed as a number of subcarriers 

	Bandwidth for PSDCH transmission, expressed as a number of resource blocks

	Scheduled bandwidth for PSSCH transmission, expressed as a number of subcarriers 

	Scheduled bandwidth for PSSCH transmission, expressed as a number of resource blocks

	Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers 

	Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks

	Scheduled number of repetitions of a NPUSCH transmission

	Scheduled number of repetitions of a NPDSCH transmission

	Scheduled bandwidth for uplink NPUSCH transmission, expressed as a number of subcarriers

	Number of repetitions of identical slots for NPUSCH


	Number of coded bits to transmit on a physical channel [for codeword ]


	Number of modulation symbols to transmit on a physical channel [for codeword ]

	Number of modulation symbols to transmit per layer for a physical channel

	Number of modulation symbols to transmit per antenna port for a physical channel
[image: ]	Number of consecutive subcarriers in an UL resource unit for PUSCH sub-PRB allocation
[image: ]	Number of slots in an UL resource unit for PUSCH sub-PRB allocation
[image: ]	Number of SC-FDMA symbols in an uplink slot for PUSCH sub-PRB allocation
	Number of subcarriers in the frequency domain for PUSCH sub-PRB allocation
	Number of reference signal sequences available for the UL resource unit size for PUSCH sub-PRB allocation
	Number of scheduled UL resource units for PUSCH sub-PRB allocation




	A constant equal to 2048 for , 4096 for  and 8192 for 


	Downlink cyclic prefix length for OFDM symbol  in a slot

	Cyclic shift value used for random access preamble generation

	Number of cyclic shifts used for PUCCH formats 1/1a/1b in a resource block with a mix of formats 1/1a/1b and 2/2a/2b


	Bandwidth available for use by PUCCH formats 2/2a/2b, expressed in multiples of 

	The offset used for PUSCH frequency hopping, expressed in number of resource blocks (set by higher layers)

	Physical layer cell identity

	Narrowband physical layer cell identity

	MBSFN area identity

	Physical layer sidelink synchronization identity

	Positioning reference signal identity


	Downlink bandwidth configuration, expressed in multiples of  


	Smallest downlink bandwidth configuration, expressed in multiples of 


	Largest downlink bandwidth configuration, expressed in multiples of 


	Uplink bandwidth configuration, expressed in multiples of 


	Smallest uplink bandwidth configuration, expressed in multiples of 


	Largest uplink bandwidth configuration, expressed in multiples of  


	Sidelink bandwidth configuration, expressed in multiples of 
	Duration of RSS measured in subframes

	Number of scheduled subframes for NPDSCH transmission

	Number of symbols for NPSS in a subframe

	Number of symbols for NSSS in a subframe

	Number of consecutive subcarriers in an UL resource unit for NB-IoT

	Number of reference signal sequences available for the UL resource unit size

	Number of scheduled UL resource units for NB-IoT

	Total number of uplink narrowbands

	Total number of uplink widebands

	Number of subcarriers in the frequency domain for NB-IoT 

	Number of consecutive absolute subframes over which the scrambling sequence stays the same 

	Total number of absolute subframes a PUSCH with repetition spans expressed as a number of absolute subframes

	Number of repetititions of a PUSCH transmission

	Number of consecutive absolute subframes over which PUCCH or PUSCH stays at the same narrowband before hopping to another narrowband, expressed as a number of absolute subframes

	Narrowband offset between one narrowband and the next narrowband a PUSCH hops to, expressed as a number of uplink narrowbands

	Total number of absolute subframes a PUCCH with repetition spans, expressed as a number of absolute subframes

	Number of repetititions of a PUCCH transmission

	Number of PRACH repetitions per preamble transmission attempt

	Number of subframes allowed for preamble transmission within a 1024-frame interval

	PRACH starting subframe periodicity

	Number of NPRACH repetitions per preamble transmission attempt

	NPRACH resource periodicity

	Frequency location of the first sub-carrier allocated to NPRACH

	Number of sub-carriers allocated to NPRACH

	Number of starting sub-carriers allocated for UE initiated random access

	NPRACH starting subframe 

	Fraction for starting subcarrier index for UE support for multi-tone msg3 transmission

	Periodicity for NPDSCH/NPDCCH gaps 

	Duration for NPDSCH/NPDCCH gaps

	Threshold for applying NPDDCH/NPDCCH gaps

	Total number of downlink narrowbands

	Total number of downlink widebands

	Total number of absolute subframes a PDSCH with repetition spans, expressed as a number of absolute subframes

	Number of repetititions of a PDSCH transmission

	Number of consecutive absolute subframes over which MPDCCH or PDSCH stays at the same narrowband before hopping to another narrowband, expressed as a number of absolute subframes

	Number of narrowbands over which MPDCCH or PDSCH frequency hops

	Narrowband offset between one narrowband and the next narrowband an MPDCCH or PDSCH hops to, expressed as a number of downlink narrowbands

	Number of times a PDSCH carrying SIB1-BR is transmitted over 8 radio frames

	Total number of absolute subframes a MPDCCH with repetition spans , expressed as a number of absolute subframes

	Number of repetitions of a MPDCCH transmission

	Total number of absolute subframes a MPDCCH search space with maximum repetition level spans, expressed as a number of absolute subframes

	Maximum repetition level of a MPDCCH search space

	Number of ECCEs in a subframe for one MPDCCH

	Number of OFDM symbols in a downlink slot 

	Number of SC-FDMA symbols in an uplink slot 

	Number of symbols in a guard period for narrowband or wideband retuning

	Number of consecutive slots in an UL resource unit for NB-IoT

	Number of SC-FDMA symbols in a sidelink slot 

	Resource block size in the frequency domain, expressed as a number of subcarriers 

	Number of sub-bands for PUSCH frequency-hopping with predefined hopping pattern

	Size of each sub-band for PUSCH frequency-hopping with predefined hopping pattern, expressed as a number of resource blocks

	Size of narrow-band random-access resource in number of subcarriers

	Number of downlink to uplink switch points within the radio frame

	Number of reference symbols per slot for PUCCH
[image: ]	Number of reference symbols per subslot or per slot for SPUCCH


	Timing offset between uplink and downlink radio frames at the UE, expressed in units of 


 	Fixed timing advance offset, expressed in units of 


	Timing offset between sidelink and timing reference frames at the UE, expressed in units of 

	Resource index for PUCCH formats 1/1a/1b

	Resource index for PUCCH formats 2/2a/2b

	Resource index for PUCCH format 3

	Number of PDCCHs present in a subframe

	Physical resource block number

	First physical resource block occupied by PRACH resource considered

	First physical resource block available for PRACH 
	Lowest PRB number of RSS

	Subcarrier occupied by NPRACH resource considered

	Virtual resource block number

	Radio network temporary identifier

	Sidelink group destination identity

	System frame number

	Slot number within a radio frame

	Absolute subframe number

	Index for subframes allowed for preamble transmission
	Starting frame offset of RSS in each RSS period

	Number of antenna ports used for transmission of a channel

	Antenna port number
	Period of RSS measured in frames

	Codeword number

	Index for PRACH versions with same preamble format and PRACH density
Qm	Modulation order: 1 for π/2-BPSK, 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM transmissions



	Time-continuous baseband signal for antenna port  and OFDM symbol  in a slot

	Radio frame indicator index of PRACH opportunity

	Half frame index of PRACH opportunity within the radio frame

	Uplink subframe number for start of PRACH opportunity within the half frame

	Radio frame duration

	Basic time unit

	Slot duration

	Precoding matrix for downlink spatial multiplexing

	Amplitude scaling for PRACH

	Amplitude scaling for NPRACH

	Amplitude scaling for PUCCH

	Amplitude scaling for PUSCH

	Amplitude scaling for NPUSCH

	Amplitude scaling for SPUCCH

	Amplitude scaling for sounding reference symbols

	Subcarrier spacing

	Subcarrier spacing for the random access preamble

	Number of transmission layers
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[bookmark: _Toc454817956]5.2.5	Guard period for narrowband and wideband retuning

For BL/CE UEs, a guard period of at most  SC-FDMA symbols is created for Tx-to-Tx frequency retuning between two consecutive subframes. 


-	If the higher layer parameter ce-RetuningSymbols is set, then  equals ce-RetuningSymbols, otherwise . 
-	If the higher layer parameter ce-pusch-maxBandwidth-config is set to 5 MHz, then the rules for guard period creation defined in the remainder of this clause do not apply for retuning between narrowbands but for retuning between widebands and for transmissions involving multiple widebands.
-	If a UE is configured with higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocConfig and the allocation resources are not fully within one narrowband, the rules for guard period creation defined in the remainder of this clause apply for retuning between tuning narrowbands, where
-	In case of CEModeA, the tuning narrowband is defined as the 6 consecutive PRBs starting from  defined in 8.1.1 of [4] with the center frequency set in the middle.
-	In case of CEModeB, the tuning narrowband is defined as the 6 consecutive PRBs with the center frequency set in the middle of allocated two PRBs.
-	If the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUSCH, or if the UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUCCH,

-	if , a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first subframe;

-	if , a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first subframe and the first SC-FDMA symbol in the second subframe.
-	If the UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUSCH,

-	if the PUCCH uses a shortened PUCCH format and , a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first subframe;

-	if the PUCCH uses a shortened PUCCH format and , a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first subframe and the first SC-FDMA symbol in the second subframe;

-	if the PUCCH uses a normal PUCCH format, a guard period is created by the UE not transmitting the first  SC-FDMA symbols in the second subframe.
-	If the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUCCH,

-	a guard period is created by the UE not transmitting the last  SC-FDMA symbols in the first subframe.
-	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, 
-	If the PUSCH resource allocation is within a 5 MHz wideband, the center frequency of the transmission bandwidth is the center frequency of the wideband;
-	If the PUSCH resource allocation spans two 5 MHz widebands, the center frequency of transmission bandwidth is in the center of PUSCH resource allocation.

Furthermore, for BL/CE UEs configured with the higher layer parameter srs-UpPtsAdd, a guard period of at most  SC-FDMA symbols is created for Tx-to-Tx frequency retuning between a first special subframe and a second uplink subframe for frame structure type 2 according to:
-	If the UE retunes from a first narrowband carrying SRS in the last UpPTS symbol to a second narrowband carrying PUSCH,

-	a guard period is created by the UE not transmitting the first  SC-FDMA symbols in the second subframe.
-	If the UE retunes from a first narrowband carrying SRS in the last but one UpPTS symbol, but not in the last UpPTS symbol, to a second narrowband carrying PUSCH,

-	if , a guard period is created by the UE not transmitting the last UpPTS symbol in the first subframe;

-	if , a guard period is created by the UE not transmitting the last UpPTS symbol in the first subframe and the first SC-FDMA symbol in the second subframe.
-	If the UE retunes from a first narrowband carrying SRS to a second narrowband carrying PUCCH,

-	if , a guard period is created by the UE not transmitting the last UpPTS symbol in the first subframe;

-	if , a guard period is created by the UE not transmitting the last UpPTS symbol in the first subframe and the first SC-FDMA symbol in the second subframe.


For , and for SRS transmission in a special subframe, a BL/CE UE is not expected to be configured with a first SRS transmission in symbol l and a second SRS transmission in any of symbols if the first SRS transmission and the second SRS transmission use different narrowbands.
[bookmark: _Toc454817967]
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5.3.4	Mapping to physical resources









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. 
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 [image: ] 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'). 



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. 
For a UE configured with PUSCH Mode 1, if DCI indicates PUSCH mode 1 enabled and the corresponding transmission of PUSCH starts in the second slot of a subframe, the resource elements in the first slot of the subframe shall be counted in the PUSCH mapping but not used for transmission of PUSCH. 
For a UE configured with autonomous uplink, 
-	if the UE indicates PUSCH ending symbol ‘1’ in uplink control information, or endingSymbolAUL is set to ‘12’, the resource elements in the last SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH; 
-	if the UE indicates PUSCH starting symbol ‘1’ in uplink control information, the resource elements in the first SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.


If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in frequency, the set of physical resource blocks to be used for transmission is given by  where  is obtained from the uplink scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. 
If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for transmission is given by clause 8.4.1 in 3GPP TS 36.213 [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used for transmission in slot  is given by the scheduling grant together with a predefined pattern according to





where  is obtained from the scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. The parameter pusch-HoppingOffset,, is provided by higher layers. The size  of each sub-band is given by, 




where the number of sub-bands  is given by higher layers. The function  determines whether mirroring is used or not. The parameter Hopping-mode provided by higher layers determines if hopping is "inter-subframe" or "intra and inter-subframe".


The hopping function and the function are given by









where  and the pseudo-random sequence  is given by clause 7.2 and CURRENT_TX_NB indicates the transmission number for the transport block transmitted in slot as defined in [8]. The pseudo-random sequence generator shall be initialised with  for frame structure type 1 and  for frame structure type 2 at the start of each frame. 



For BL/CE UEs, the PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as described in clauses 5.3.3.1.10 and 5.3.3.1.11 in [3]. The PUSCH is transmitted with repetitions. The PUSCH transmission spans  consecutive subframes, including non-BL/CE UL subframes where the UE postpones the PUSCH transmission if . 

-	In case the UE is a BL/CE configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, the PUSCH transmission spans  consecutive subframes including non-BL/CE UL subframes where the UE postpones the PUSCH transmission. 
-	For BL/CE UE in CEModeA, PUSCH frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set and the frequency hopping flag in DCI format 6-0A indicates frequency hopping, otherwise frequency hopping is disabled. 
-	For BL/CE UE in CEModeB, PUSCH frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set, otherwise frequency hopping is disabled. 
-	If frequency hopping is not enabled for PUSCH, all PUSCH repetitions are located at the same PRB resources. 
-	If frequency hopping is enabled for PUSCH and the UE is not configured with CEModeA and higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocConfig, 





-	PUSCH is transmitted in subframe  within the  consecutive uplink subframes using the same number of consecutive PRBs as in the previous subframe starting from the PRB resources of the narrowband  with the same RIV as that of narrowband . The narrowband  is defined as 







	where  is the absolute subframe number of the first UL subframe intended for carrying the PUSCH and  and  are cell-specific higher-layer parameters. For the  consecutive subframes, the UE shall not transmit PUSCH in subframe  if it is not a BL/CE UL subframe.
-	If frequency hopping is enabled for PUSCH and the UE is configured with CEModeA and higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocConfig, 
-	Except when the PUSCH resource allocation includes the center PRB not belonging to any narrowband, PUSCH is transmitted in subframe [image: ] within the [image: ] consecutive uplink subframes using the same number of consecutive PRBs as in the previous subframe, where  is the narrowband index that starting PRB located in the absolute subframe number of the first UL subframe , defined as 
-	If 0 or  with ,  
-	If with   

	where  is the number of edge PRB(s) not belonging to narrowbands in one side of system bandwidth ,  is the number of narrowbands, the starting PRB index  and the length   of the allocated resources are defined in clause 8.1.1 of [4]. After hopping, the narrowband  in subframe [image: ] is defined as






	where  and  are cell-specific higher-layer parameters. For the   consecutive subframes, the UE shall not transmit PUSCH in subframe  if it is not a BL/CE UL subframe. After hopping, the resource blocks have the same relative location of starting PRB in  as in narrowband . 
-	If a frequency hopping leads to a split resource allocation, where some PRB(s) is (are) on one edge and some PRB(s) is (are) on the other edge of the system bandwidth, the PUSCH transmission is dropped in that subframe.
-	If a frequency hopping leads to a resource allocation, where some PRB(s) is (are) not belonging to any narrowband, the PUSCH transmission is dropped in that subframe.
For BL/CE UEs, for PUSCH transmission corresponding to the random access response grant and its retransmission, frequency hopping of the PUSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

-	if PRACH CE level 0 or 1 is used for the last PRACH attempt,  is set to the higher layer parameter interval-UlHoppingConfigCommonModeA; 

-	if PRACH CE level 2 or 3 is used for the last PRACH attempt,  is set to the higher layer parameter interval-UlHoppingConfigCommonModeB.



For BL/CE UEs in CEModeB, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure type 1, after a transmission duration of  time units (which may include non-BL/CE UL subframes), a gap of  time units shall be inserted, according to the UE capability ue-CE-NeedULGaps, as specified in TS 36.331 [9]. BL/CE UL subframes within the gap of  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.



For BL/CE UEs, for PUSCH transmission associated with Temporary C-RNTI for frame structure type 1, and if PRACH CE level 2 or 3 is used for the last PRACH attempt, after a transmission duration of  time units (which may include non-BL/CE UL subframes), a gap of  time units shall be inserted. BL/CE UL subframes within the gap of  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.




For UEs configured with PUSCH-EnhancementsConfig, the number of PUSCH subframe repetitions  and the PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as described in clause 5.3.3.1.1C in [3]. PUSCH frequency hopping is enabled when the higher-layer parameters pusch-HoppingOffsetPUSCH-Enh and interval-ULHoppingPUSCH-Enh are set and the frequency hopping flag in DCI format 0C indicates frequency hopping, otherwise frequency hopping is disabled. If frequency hopping is not enabled for PUSCH, the PUSCH repetitions are located at the same PRB resources as in the first subframe. If frequency hopping is enabled for PUSCH, PUSCH is transmitted in subframe  within the  consecutive uplink subframes using the PRB resources starting at PRB index 





where  is the absolute subframe number of the first UL subframe carrying the PUSCH and  is given by the higher-layer parameter interval-ULHoppingPUSCH-Enh and  is given by the higher-layer parameter pusch-HoppingOffsetPUSCH-Enh.
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5.5.2.1A.1	Reference signal sequence using modulation schemes other than π/2-BPSK
The reference signal sequence [image: ] for [image: ] is defined by a cyclic shift [image: ] of a base sequence according to 
	[image: ],
where [image: ] is given by Tables 5.5.2.1A.1-1 and 5.5.2.1A.1-2 for[image: ] and [image: ], respectively. The cyclic shift [image: ] is derived from higher layer parameters ce-pusch-subPrb-threeTone-CyclicShift and ce-pusch-subPrb-sixTone-CyclicShift, respectively, as defined in Table 5.5.2.1A.1-3.
If group hopping is enabled, the base sequence index [image: ] is given by clause 5.5.2.1A.3.
If group hopping is not enabled, the base sequence index [image: ] is given by
-	[image: ] for [image: ]
-	[image: ] for [image: ]

Table 5.5.2.1A.1-1: Definition of [image: ] for [image: ]
	[image: ]
	[image: ]

	0
	1
	-3
	-3

	1
	1
	-3
	-1

	2
	1
	-3
	3

	3
	1
	-1
	-1

	4
	1
	-1
	1

	5
	1
	-1
	3

	6
	1
	1
	-3

	7
	1
	1
	-1

	8
	1
	1
	3

	9
	1
	3
	-1

	10
	1
	3
	1

	11
	1
	3
	3



Table 5.5.2.1A.1-2: Definition of [image: ] for [image: ]
	[image: ]
	[image: ]

	0
	1
	1
	1
	1
	3
	-3

	1
	1
	1
	3
	1
	-3
	3

	2
	1
	-1
	-1
	-1
	1
	-3

	3
	1
	-1
	3
	-3
	-1
	-1

	4
	1
	3
	1
	-1
	-1
	3

	5
	1
	-3
	-3
	1
	3
	1

	6
	-1
	-1
	1
	-3
	-3
	-1

	7
	-1
	-1
	-1
	3
	-3
	-1

	8
	3
	-1
	1
	-3
	-3
	3

	9
	3
	-1
	3
	-3
	-1
	1

	10
	3
	-3
	3
	-1
	3
	3

	11
	-3
	1
	3
	1
	-3
	-1

	12
	-3
	1
	-3
	3
	-3
	-1

	13
	-3
	3
	-3
	1
	1
	-3



Table 5.5.2.1A.1-3: Definition of [image: ] 
	[image: ]
	[image: ]

	ce-pusch-subPrb-threeTone-CyclicShiftthreeToneCyclicShift
	[image: ]
	ce-pusch-subPrb-sixTone-CyclicShiftsixToneCyclicShift
	[image: ]

	0
	[image: ]
	0
	[image: ]

	1
	[image: ]
	1
	[image: ]

	2
	[image: ]
	2
	[image: ]

	-
	-
	3
	[image: ]



5.5.2.1A.2	Reference signal sequence using π/2-BPSK modulation scheme
For [image: ] using π/2-BPSK modulation scheme,  is used to determine which 2 of 3 subcarriers will be used:
-	0 indicates that the two subcarriers having the lowest indices among the three allocated are utilized.
-	1 indicates that the two subcarriers having the highest indices among the three allocated are utilized.
The reference signal sequences  and  for [image: ]  using 2 out of 3 subcarriers are defined by 
	
	
where the binary sequence [image: ] is defined by clause 7.2 and shall be initialised with [image: ] at the start of the PUSCH transmission using sub-PRB allocations for BL/CE UEs. The quantity [image: ] is given by Table 5.5.2.1A.2-1 where   if group hopping is not enabled, and by clause 5.5.2.1A.3 if group hopping is enabled for PUSCH using sub-PRB allocations for BL/CE UEs.
Table 5.5.2.1A.2-1: Definition of [image: ] 
	[image: ]
	[image: ]

	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	2
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	3
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	4
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	5
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	6
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	7
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	8
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	9
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	10
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1

	11
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1

	12
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1

	13
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	14
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1

	15
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1






The reference signal sequences for PUSCH using sub-PRB allocations for BL/CE UEs is given by clause 5.3.3, where  and  correspond to the complex-valued symbols at the input of the transform precoding. The resulting complex-valued symbols at the output of the transform precoding correspond to the sequence  which is mapped to physical resources as described in clause 5.5.2.1A.4.
5.5.2.1A.3	Group hopping
For the reference signal for PUSCH transmission using sub-PRB allocations for BL/CE UEs, sequence-group hopping can be enabled where the sequence-group number [image: ] in slot [image: ] of a radio frame  is defined by a group hopping pattern [image: ] and a sequence-shift pattern [image: ] according to
	
where the number of reference signal sequences available for each resource unit size,  is given by Table 5.5.2.1A.3-1.
Table 5.5.2.1A.3-1: Definition of  
	Modulation Scheme
	
	

	π/2-BPSK
	3 
	16

	QPSK
	3
	12

	
	6
	14



Sequence-group hopping can be enabled or disabled as described in clause 5.5.1.3. 
The group-hopping pattern [image: ] is given by
	
where [image: ] for [image: ] using QPSK modulation scheme. When [image: ]using π/2-BPSK modulation scheme, for frame structure type 1,  and [image: ] is the slot number  of the first slot of the resource unit for [image: ]using π/2-BPSK modulation scheme, and for frame structure type 2,  is the frame number  of the first slot of the resource unit. The pseudo-random sequence [image: ] is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with  at the beginning of the resource unit for [image: ]using π/2-BPSK modulation scheme and in every even slot for [image: ] using QPSK modulation scheme.
The sequence-shift pattern [image: ] is given by 
	
where [image: ].
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6.2.8	Guard period for narrowband and wideband retuning

For BL/CE UEs, a guard period of at most  OFDM symbols is created for Rx-to-Rx and Tx-to-Rx frequency retuning between two consecutive subframes. 


-	If the higher layer parameter ce-RetuningSymbols is set, then  equals ce-RetuningSymbols, otherwise . 
-	If the higher layer parameter ce-pdsch-maxBandwidth-config is set to 5 MHz, then the rules for guard period creation defined in the remainder of this clause apply not for retuning between narrowbands but for retuning between widebands and for transmissions involving multiple widebands.
-	If the UE is configured with CEModeA and higher layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig, the rules for guard period creation defined in the remainder of this clause apply for retuning between tuning narrowbands defined for the allocation resources not fully within one narrowband defined in Clause 6.2.7 as the consecutive 6PRBs starting from  if  is aligned with RBG boundary, or the consecutive 6PRBs ending at  if  is aligned with RBG boundary, where  and  are defined in Table 7.1.6.3-2 [4].
-	If the UE is configured with CEModeB and higher layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig, the rules for guard period creation defined in the remainder of this clause apply for retuning between the tuning narrowband defined as the narrowband shifted according to Table 6.2.7-1.

-	If the UE retunes from a first downlink narrowband to a second downlink narrowband with a different center frequency, a guard period is created by the UE not receiving at most  OFDM symbols in the second narrowband.

-	If the UE retunes from a first uplink narrowband to a second downlink narrowband with a different center frequency for frame structure type 2, a guard period is created by the UE not receiving at most  OFDM symbols in the second narrowband.

Furthermore, for BL/CE UEs configured with the higher layer parameter srs-UpPtsAdd, a guard period of at most  OFDM or SC-FDMA symbols is created for Rx-to-Tx frequency retuning within a special subframe for frame structure type 2. Primarily, the TDD guard period (GP) specified in clause 4.2 serves as the guard period for narrowband retuning, and if GP is not sufficient then additional guard period is created by the UE according to:

-	If SRS is configured to be transmitted in the first UpPTS symbol, the additional guard period is created by the UE not receiving at most  DwPTS symbols in the first narrowband.

-	If SRS is configured to be transmitted in the second UpPTS symbol but not in the first UpPTS symbol, the additional guard period is created by the UE primarily by not transmitting the first UpPTS symbol and (if ) secondarily by not receiving the last DwPTS symbol.
[bookmark: _Toc454818032]
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6.4.1	Physical downlink shared channel for BL/CE UEs
For BL/CE UEs, the following additions and exceptions hold in addition to those in clause 6.4:
-	The maximum number of allocatable PRBs for PDSCH is restricted as follows:
-	If the PDSCH is associated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-pdsch-maxBandwidth-config is set,
-	if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 20 MHz, the maximum number of allocatable PRBs for PDSCH is 96 PRBs restricted to the narrowbands defined in clause 6.2.7;
-	if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 5 MHz, the maximum number of allocatable PRBs for PDSCH is 24 PRBs restricted to no more than four of the narrowbands defined in clause 6.2.7.
- 	If the PDSCH is associated with G-RNTI and the higher layer parameter pdsch-MaxBandwidth-SC-MTCH is set to 24 PRBs, the maximum number of allocatable PRBs for PDSCH is 24 PRBs restricted to no more than four of the narrowbands defined in clause 6.2.7.
-	For all other cases, the maximum number of allocatable PRBs for PDSCH is 6 PRBs restricted to one of the narrowbands defined in clause 6.2.7.
-	Resource elements occupied by CSI reference signals shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.
-	Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of reference signals, shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.
-	For a PDSCH not associated with RA-RNTI, PRB pairs occupied by RSS shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.
-	For BL/CE UEs in CEModeB configured in transmission mode 9, in MBSFN subframe(s), resource elements that correspond to the positions of cell-specific reference signals as in subframe #0 shall not be counted in the PDSCH mapping and not used for transmission of the PDSCH. 
-	Resource elements belonging to PRBs in which PRS is transmitted (including PRS muted subframes) shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.


For BL/CE UEs, if the PDSCH is not carrying SIB1-BR the PRB resources for PDSCH transmission in the first subframe are obtained from the DCI as described in clauses 5.3.3.1.12, 5.3.3.1.13, and 5.5.1.3.14 in [3], or provided by higher layers. The PDSCH is transmitted with  repetitions, spanning  consecutive subframes, including non-BL/CE DL subframes where the the PDSCH transmission is postponed. 
-	If frequency hopping is not enabled for PDSCH, all PDSCH repetitions are located at the same PRB resources, and 





-	if frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe  within the  consecutive downlink subframes using the PRB resources of the narrowband  with the same RIV as that of narrowband . The narrowband  is defined as








where  is the absolute subframe number of the first downlink subframe intended for PDSCH and ,  and  are cell-specific higher-layer parameters. For PDSCH carrying SI other than SIB1-BR and for PDSCH associated with P-RNTI, if interval-DlHoppingConfigCommonModeB is signalled in SIB1-BR, then the frequency hopping granularity  is set to interval-DlHoppingConfigCommonModeB; otherwise,  is set to interval-DlHoppingConfigCommonModeA signalled in SIB1-BR.
For BL/CE UE in CEModeA, frequency hopping of PDSCH associated with C-RNTI or SPS C-RNTI is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig is set and the frequency hopping flag in DCI format 6-1A indicates frequency hopping, otherwise, frequency hopping of is not enabled. For BL/CE UE in CEModeB, frequency hopping of PDSCH associated with C-RNTI or SPS-RNTI is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig is set, otherwise, frequency hopping of is not enabled.

The UE shall not expect PDSCH in subframe  if it is not a BL/CE DL subframe.








For BL/CE UEs, if the PDSCH carries SIB1-BR, the PDSCH transmission is repeated periodically in every period of 8 radio frames, where a period starts with a radio frame with  where  is the system frame number. The PDSCH is transmitted  times in each period of 8 frames, Let  be the set of narrowbands, excluding narrowbands overlapping with the 72 center subcarriers for , and ordered in increasing order of narrowband index. The PDSCH transmission cycles through the set  of narrowbands in increasing order of , starting with  for the first subframe, according to




where  is the number of narrowbands in the set .
The set of frames and subframes used for SIB1-BR transmission in each period are given by Tables 6.4.1-1 and 6.4.1-2. 

Table 6.4.1-1: The set of frames and subframes for SIB1-BR for .
	

	

	Frame structure type 1
	Frame structure type 2

	
	
	

	

	

	


	4
	0
	0
	4
	1
	5

	
	1
	1
	4
	1
	5




Table 6.4.1-2: The set of frames and subframes for SIB1-BR for .
	

	

	Frame structure type 1
	Frame structure type 2

	
	
	

	

	

	


	4
	0
	0
	4
	1
	5

	
	1
	1
	4
	1
	0

	8
	0
	0, 1
	4
	0, 1
	5

	
	1
	0, 1
	9
	0, 1
	0

	16
	0
	0, 1
	4, 9
	0, 1
	0, 5

	
	1
	0, 1
	0, 9
	0, 1
	0, 5







BL/CE UEs may assume the same precoding matrix being used for a PRB across a block of  consecutive subframes when UE-specific reference signals are transmitted together with the PDSCH, where the subframe number of the first subframe in each block of  consecutive subframes, denoted as , satisfies .
For PDSCH transmission associated with SI-RNTI or P-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when higher layer parameter si-HoppingConfigCommon is set.
For PDSCH transmission associated with RA-RNTI or temporary C-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

-	if PRACH CE level 0 or 1 is used for the last PRACH attempt,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA; 

-	if PRACH CE level 2 or 3 is used for the last PRACH attempt,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB.
For PDSCH transmission associated with SC-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MCCH is set. Further

-	if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeA,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA; 

-	if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB.
For PDSCH transmission associated with G-RNTI to BL/CE UEs,
-	if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA,

-	if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set and the frequency hopping flag in DCI format 6-1A indicates frequency hopping, then frequency hopping of the PDSCH is enabled and  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA, otherwise frequency hopping is not enabled; 
-	if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB,

-	if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set, then frequency hopping of the PDSCH is enabled and  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB, otherwise frequency hopping is not enabled.
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6.8B.5	Mapping to resource elements
Mapping to resource elements shall be done according to Clause 6.8A.5with the following exceptions:
-	The term EPDCCH shall be replaced by MPDCCH.

-	The mapping shall be repeated across each of the  BL/CE DL subframes.


-	 is the number of ECCEs used for this MPDCCH in the first of the  subframes.




-	For an MPDCCH associated with a 2+4 PRB set as defined in [4], the mapping to resource elements  on antenna port  shall be in increasing order of first the index  and then the index over the 6 PRBs for MPDCCH format 5 and over the 2 or 4 PRBs for the other MPDCCH formats. 

-	For localized transmission and MPDCCH format 5, the single antenna port  to use is given by Table 6.8A.5-1 with


-	Resource elements occupied by CSI reference signals shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH. 
-	For an MPDCCH not associated with a RA-RNTI, PRB pairs occupied by RSS shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.
-	Resource elements belonging to PRBs in which PRS is transmitted (including PRS muted subframes) shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.
-	A BL/CE UE not configured with higher layer parameter ce-pdsch-maxBandwidth-config and not configured with higher layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig may assume there is no MPDCCH transmission which uses overlapping sets of subframes as PDSCH transmissions to that UE, where the MPDCCH is located at a different narrowband than the PDSCH. 
-	A BL/CE UE configured with higher layer parameter ce-pdsch-maxBandwidth-config may assume that there is no MPDCCH transmission which uses overlapping sets of subframes as PDSCH transmissions to that UE, where the MPDCCH transmission and PDSCH transmission in any of the overlapping subframes span a PRB region larger than X contiguous PRBs where X=25 if ce-pdsch-maxBandwidth-config is set to 5 MHz and X=100 if ce-pdsch-maxBandwidth-config is set to 20 MHz.
-	A BL/CE UE configured with higher layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig may assume there is no MPDCCH transmission in MPDCCH candidates not fully contained within the tuning narrowband defined for PDSCH in Clause 6.2.8.
-	For BL/CE UEs in CEModeB, in MBSFN subframe(s), resource elements that correspond to the positions of cell-specific reference signals as in subframe #0 shall not be counted in the MPDCCH mapping and not used for transmission of the MPDCCH.
-	Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of reference signals, shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.
-	In the subframes where an MPDCCH or its associated PDSCH is transmitted in response to a physical random access transmission initiated by a PDCCH order, the UE shall receive the MPDCCH or its associated PDSCH, and assume no other UE-specific reception is needed.
-	For MPDCCH transmission associated with C-RNTI or TPC-PUCCH-RNTI or TPC-PUSCH-RNTI or SPS C-RNTI that are not configured to use the Type2-MPDCCH common search space, frequency hopping of the MPDCCH is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig is set. 
-	For MPDCCH transmission associated with Type2-MPDCCH common search space, frequency hopping of the MPDCCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

-	if PRACH CE level 0 or 1 is used for the last PRACH attempt,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA; 

-	if PRACH CE level 2 or 3 is used for the last PRACH attempt,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB.
-	For MPDCCH transmission associated with SC-RNTI, frequency hopping of the MPDCCH is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MCCH is set. Further

-	if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeA,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA; 

-	if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB.
-	For MPDCCH transmission associated with G-RNTI, frequency hopping of the MPDCCH is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set. Further

-	if mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA; 

-	if mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB.



-	The narrowband  for MPDCCH transmission in the first subframe of MPDCCH search space is provided by higher layers. Starting subframe configuration of a search space where UE monitors an MPDCCH is also provided by higher layers. The MPDCCH search space uses  subframes, spanning  consecutive subframes, including non-BL/CE DL subframes where the MPDCCH transmission is postponed. 

-	If frequency hopping is not enabled for MPDCCH, the repetitions of an MPDCCH candidate are located at the same PRB resources in the same narrowband , and 


-	if frequency hopping is enabled for MPDCCH, an MPDCCH candidate shall be transmitted in absolute subframe  using the same PRB resources within each narrowband 







where  is the absolute subframe number of the first downlink subframe of MPDCCH search space, and ,  and  are cell-specific higher-layer parameters. The UE shall not expect MPDCCH transmission in absolute subframe  if it is not a BL/CE DL subframe.




-	The UE may assume the same precoding matrix being used for a PRB across a block of  consecutive subframes for MPDCCH, where the subframe number of the first subframe in each block of  consecutive subframes, denoted as , satisfies .







The UE may assume that an MPDCCH associated with the P-RNTI is transmitted on the set  of narrowbands where  is defined in Subclause 6.4.1. For a UE monitoring an MPDCCH associated with the P-RNTI, the first MPDCCH narrowband is given by  where ,  is the Paging Narrowband (PN) obtained according to [10], and  is the higher-layer parameter paging-narrowBands.


-	If the higher-layer parameter si-HoppingConfigCommon disables frequency hopping for an MPDCCH associated with P-RNTI, each MPDCCH candidate shall be located in the same PRB in narrowband  where .



-	If the higher-layer parameter si-HoppingConfigCommon enables frequency hopping for an MPDCCH with P-RNTI, an MPDCCH candidate shall be located in narrowband  in absolute subframe  using the same PRB resources within each narrowband  where










	where  is the absolute subframe number of the first downlink subframe of MPDCCH search space according to locations of paging opportunity subframes, and ,  and  are cell-specific higher-layer parameters. For MPDCCH associated with P-RNTI, if interval-DlHoppingConfigCommonModeB is signalled in SIB1-BR, then the frequency hopping granularity  is set to interval-DlHoppingConfigCommonModeB; otherwise,  is set to interval-DlHoppingConfigCommonModeA signalled in SIB1-BR.

The UE shall not expect MPDCCH transmission in absolute subframe  if it is not a BL/CE DL subframe.
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6.11.3.1	Sequence generation
The resynchronization signal (RSS) is transmitted in  subframes numbered , where the RSS duration  is configured by higher layers. The sequence  used for the th RSS subframe is generated according to 
	
where the pseudo-random sequence  is defined in clause 7.2. The pseudo-random sequence generator shall be initialised each subframe with , where u equals the value of the higher-layer parameter systemInfoUnchanged-BR-Rr15 as set in subframe .   is given by Table 6.11.3.1-1.
Table 6.11.3.1-1: Definition of .
	
	

	8
	[ 1, 1, -1, 1, -1, -1, 1, 1 ]

	16
	[ 1, 1, -1, -1, 1, -1, 1, 1, 1, -1, -1, 1, 1, -1, 1, -1 ]

	32
	[ -1, -1, 1, 1, -1, 1, 1, -1, 1, -1, -1, -1, 1, 1, 1, -1, -1, -1, 1, -1, 1, -1, 1, 1, -1, 1, 1, 1, -1, -1, 1, -1 ]

	40
	[ 1, -1, -1, 1, -1, -1, 1, 1, 1, -1, 1, -1, 1, 1, -1, -1, -1, 1, -1, -1, -1, 1, 1, 1, 1, -1, -1, -1, 1, -1, 1, 1, -1, -1, 1, -1, 1, -1, -1, 1 ]



6.11.3.2	Mapping to resource elements
If only one CRS port is configured in a cell, the UE may assume that the same antenna port is used for all subframes in an RSS transmission in the cell. Otherwise, the UE may assume that the same antenna port is used for RSS transmission in absolute subframes  and .
An RSS is transmitted in  consecutive BL/CE DL subframes, starting in the first BL/CE DL subframe in a radio frame satisfying 
	
where the RSS periodicity  and the RSS time offset  are configured by higher layers. In frequency domain, the RSS frequency location is assigned to the 24 subcarriers in the physical resource blocks numbers  and , as configured by higher layers. 
In each subframe  used for RSS transmission, the RSS sequence  shall be mapped to resource elements  in sequence, starting with  in increasing order of first the index , over the 24 assigned subcarriers and then the index . 
A resource element   overlapping with resource elements where cell-specific reference signals according to clause 6.10 are transmitted shall not be used for RSS transmission but is counted in the mapping process. Additionally, an RSS subframe is dropped if any RSS PRB pair overlaps with any PRB pair carrying PSS, SSS, PBCH or PDSCH associated with SI-RNTI.
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