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[bookmark: _Toc19796471]6.4.1.4	Sounding reference signal	Comment by Stefan Parkvall: Impact from positioning – align with NR-U CR

[bookmark: _Toc19796472]6.4.1.4.1	SRS resource
An SRS resource is configured by the SRS-Resource IE and consists of

-	 antenna ports , where the number of antenna ports is given by the higher layer parameter nrofSRS-Ports if configured, otherwise , and   when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet not set to 'nonCodebook', or determined according to [6, TS 38.214] when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet set to 'nonCodebook'

-	  consecutive OFDM symbols given by the field nrofSymbols contained in the higher layer parameter resourceMapping



-	, the starting position in the time domain given by  where the offset  counts symbols backwards from the end of the slot and is given by the field startPosition contained in the higher layer parameter resourceMapping and 

-	, the frequency-domain starting position of the sounding reference signal	Comment by Stefan Parkvall: Is the agreement below to be reflected in 211? 

Agreement:
The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are given in the table below. At least one pattern for each pair are to be selected from the following options:

[bookmark: _Toc19796473]6.4.1.4.2	Sequence generation
The sounding reference signal sequence for an SRS resource shall be generated according to
	
	
	




where  is given by clause 6.4.1.4.3,  is given by clause 5.2.2 with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb. The cyclic shift  for antenna port  is given as 

,





where  is contained in the higher layer parameter transmissionComb. The maximum number of cyclic shifts  are given by Table 6.4.1.4.2-1. is  if  and  if .


The sequence group  and the sequence number  in clause 5.2.2 depends on the higher-layer parameter groupOrSequenceHopping in the SRS-Config IE. The SRS sequence identity  is given by the higher layer parameter sequenceId in the SRS-Config IE and  is the OFDM symbol number within the SRS resource.
-	if groupOrSequenceHopping equals 'neither', neither group, nor sequence hopping shall be used and 


-	if groupOrSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
-	if groupOrSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used and



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.

Table 6.4.1.4.2-1: Maximum number of cyclic shifts  as a function of .
	
	

	2
	8

	4
	12

	8
	6



[bookmark: _Toc19796474]6.4.1.4.3	Mapping to physical resources





When SRS is transmitted on a given SRS resource, the sequence  for each OFDM symbol  and for each of the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  in a slot for each of the antenna ports  according to


[bookmark: _Hlk500928298]The length of the sounding reference signal sequence is given by





where is given by a selected row of Table 6.4.1.4.3-1 with  where  is given by the field b-SRS contained in the higher-layer parameter freqHopping if configured, otherwise . The row of the table is selected according to the index  given by the field c-SRS contained in the higher-layer parameter freqHopping. 
The frequency-domain starting position  is defined by


where 


[bookmark: _Hlk4608294]If  the reference point for  is subcarrier 0 in common resource block 0, otherwise the reference point is the lowest subcarrier of the BWP.


The frequency domain shift value  adjusts the SRS allocation with respect to the reference point grid and is contained in the higher-layer parameter freqDomainShift in the SRS-Config IE. The transmission comb offset  is contained in the higher-layer parameter transmissionComb in the SRS-Config IE and  is a frequency position index.

Frequency hopping of the sounding reference signal is configured by the parameter , given by the field b-hop contained in the higher-layer parameter freqHopping if configured, otherwise .


If , frequency hopping is disabled and the frequency position index  remains constant (unless re-configured) and is defined by







for all  OFDM symbols of the SRS resource. The quantity  is given by the higher-layer parameter freqDomainPosition if configured, otherwise , and the values of  and  for  are given by the selected row of Table 6.4.1.4.3-1 corresponding to the configured value of .


If , frequency hopping is enabled and the frequency position indices  are defined by


where  is given by Table 6.4.1.4.3-1,







and where  regardless of the value of . The quantity  counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by  within the slot in which the  symbol SRS resource is transmitted. The quantity  is the repetition factor given by the field repetitionFactor contained in the higher-layer parameter resourceMapping if configured, otherwise .
For the case of an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, the SRS counter is given by






[bookmark: _Hlk500773276]for slots that satisfy . The periodicity  in slots and slot offset  are given in clause 6.4.1.4.4.

Table 6.4.1.4.3-1: SRS bandwidth configuration.
	

	

	

	

	


	
	

	

	

	

	

	

	

	


	0
	4
	1
	4
	1
	4
	1
	4
	1

	1
	8
	1
	4
	2
	4
	1
	4
	1

	2
	12
	1
	4
	3
	4
	1
	4
	1

	3
	16
	1
	4
	4
	4
	1
	4
	1

	4
	16
	1
	8
	2
	4
	2
	4
	1

	5
	20
	1
	4
	5
	4
	1
	4
	1

	6
	24
	1
	4
	6
	4
	1
	4
	1

	7
	24
	1
	12
	2
	4
	3
	4
	1

	8
	28
	1
	4
	7
	4
	1
	4
	1

	9
	32
	1
	16
	2
	8
	2
	4
	2

	10
	36
	1
	12
	3
	4
	3
	4
	1

	11
	40
	1
	20
	2
	4
	5
	4
	1

	12
	48
	1
	16
	3
	8
	2
	4
	2

	13
	48
	1
	24
	2
	12
	2
	4
	3

	14
	52
	1
	4
	13
	4
	1
	4
	1

	15
	56
	1
	28
	2
	4
	7
	4
	1

	16
	60
	1
	20
	3
	4
	5
	4
	1

	17
	64
	1
	32
	2
	16
	2
	4
	4

	18
	72
	1
	24
	3
	12
	2
	4
	3

	19
	72
	1
	36
	2
	12
	3
	4
	3

	20
	76
	1
	4
	19
	4
	1
	4
	1

	21
	80
	1
	40
	2
	20
	2
	4
	5

	22
	88
	1
	44
	2
	4
	11
	4
	1

	23
	96
	1
	32
	3
	16
	2
	4
	4

	24
	96
	1
	48
	2
	24
	2
	4
	6

	25
	104
	1
	52
	2
	4
	13
	4
	1

	26
	112
	1
	56
	2
	28
	2
	4
	7

	27
	120
	1
	60
	2
	20
	3
	4
	5

	28
	120
	1
	40
	3
	8
	5
	4
	2

	29
	120
	1
	24
	5
	12
	2
	4
	3

	30
	128
	1
	64
	2
	32
	2
	4
	8

	31
	128
	1
	64
	2
	16
	4
	4
	4

	32
	128
	1
	16
	8
	8
	2
	4
	2

	33
	132
	1
	44
	3
	4
	11
	4
	1

	34
	136
	1
	68
	2
	4
	17
	4
	1

	35
	144
	1
	72
	2
	36
	2
	4
	9

	36
	144
	1
	48
	3
	24
	2
	12
	2

	37
	144
	1
	48
	3
	16
	3
	4
	4

	38
	144
	1
	16
	9
	8
	2
	4
	2

	39
	152
	1
	76
	2
	4
	19
	4
	1

	40
	160
	1
	80
	2
	40
	2
	4
	10

	41
	160
	1
	80
	2
	20
	4
	4
	5

	42
	160
	1
	32
	5
	16
	2
	4
	4

	43
	168
	1
	84
	2
	28
	3
	4
	7

	44
	176
	1
	88
	2
	44
	2
	4
	11

	45
	184
	1
	92
	2
	4
	23
	4
	1

	46
	192
	1
	96
	2
	48
	2
	4
	12

	47
	192
	1
	96
	2
	24
	4
	4
	6

	48
	192
	1
	64
	3
	16
	4
	4
	4

	49
	192
	1
	24
	8
	8
	3
	4
	2

	50
	208
	1
	104
	2
	52
	2
	4
	13

	51
	216
	1
	108
	2
	36
	3
	4
	9

	52
	224
	1
	112
	2
	56
	2
	4
	14

	53
	240
	1
	120
	2
	60
	2
	4
	15

	54
	240
	1
	80
	3
	20
	4
	4
	5

	55
	240
	1
	48
	5
	16
	3
	8
	2

	56
	240
	1
	24
	10
	12
	2
	4
	3

	57
	256
	1
	128
	2
	64
	2
	4
	16

	58
	256
	1
	128
	2
	32
	4
	4
	8

	59
	256
	1
	16
	16
	8
	2
	4
	2

	60
	264
	1
	132
	2
	44
	3
	4
	11

	61
	272
	1
	136
	2
	68
	2
	4
	17

	62
	272
	1
	68
	4
	4
	17
	4
	1

	63
	272
	1
	16
	17
	8
	2
	4
	2



[bookmark: _Toc19796475]6.4.1.4.4	Sounding reference signal slot configuration


For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity  (in slots) and slot offset  are configured according to the higher-layer parameter periodicityAndOffset-p or periodicityAndOffset-sp. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying


SRS is transmitted as described in clause 11.1 of [5, TS 38.213].


[bookmark: _Toc19796476]7	Downlink
[bookmark: _Toc19796477]7.1	Overview
[bookmark: _Toc19796478]7.1.1	Overview of physical channels
A downlink physical channel corresponds to a set of resource elements carrying information originating from higher layers. The following downlink physical channels are defined:
-	Physical Downlink Shared Channel, PDSCH
-	Physical Broadcast Channel, PBCH
-	Physical Downlink Control Channel, PDCCH.
[bookmark: _Toc19796479]7.1.2	Overview of physical signals
A downlink physical signal corresponds to a set of resource elements used by the physical layer but does not carry information originating from higher layers. 
The following downlink physical signals are defined:
-	Demodulation reference signals, DM-RS
-	Phase-tracking reference signals, PT-RS
-	Positioning reference signal, PRS
-	Channel-state information reference signal, CSI-RS
-	Primary synchronization signal, PSS
-	Secondary synchronization signal, SSS
[bookmark: _Toc19796480]7.2	Physical resources
The frame structure and physical resources the UE shall assume when receiving downlink transmissions are defined in Clause 4.
The following antenna ports are defined for the downlink:
-	Antenna ports starting with 1000 for PDSCH
-	Antenna ports starting with 2000 for PDCCH
-	Antenna ports starting with 3000 for channel-state information reference signals
-	Antenna ports starting with 4000 for SS/PBCH block transmission 
-	Antenna ports starting with 5000 for positioning reference signals 
The UE shall not assume that two antenna ports are quasi co-located with respect to any QCL type unless specified otherwise.


7.4.1.7	Positioning reference signals
[bookmark: _Hlk22295375]7.4.1.7.1	General
A positioning frequency layer consists of one or more PRS resource sets, each which consists of one or more PRS resources as described in [6, TS 38.214].
7.4.1.7.2	Sequence generation
The UE shall assume the reference-signal sequence  is defined by

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with

where  is the slot number, the PRS sequence ID  is given by the higer-layer parameter XXX, and  is the OFDM symbol within the slot to which the sequence is mapped.
7.4.1.7.3	Mapping to physical resources in a PRS resource
For each PRS resource configured, the UE shall assume the sequence  is scaled with a factor and mapped to resources elements  according to 

when the following conditions are fulfilled:
-	the resource element  is within the resource blocks occupied by the PRS resource for which the UE is configured;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
and where 
-	 is the first symbol of the PRS within a slot and given by the higher-layer parameter DL-PRS-ResourceSymbolOffset;
-	the size of the PRS resource in the time domain  is given by the higher-layer parameter DL-PRS-NumSymbols;
-	the comb size  is given by the higher-layer parameter transmissionComb;
-	the resource-element offset  is given by the higher-layer parameter combOffset;
-	the quantity  is given by Table 7.4.1.7.3-1.
The reference point for  is the location of the point A of the positioning frequency layer, in which the PRS resource is configured where point A is given by the higher-layer parameter DL-PRS-PointA.
Table 7.4.1.7.3-1: The frequency offset  as a function of .
	
	Symbol number within the PRS resource 

	
	0
	1
	2
	3
	4
	5

	2
	0
	1
	-
	-
	-
	-

	4
	0
	2
	1
	3
	-
	-

	6
	0
	3
	1
	4
	2
	5



7.4.1.7.4	Mapping to slots in a PRS resource set
For a PRS resource in a PRS resource set configured as periodic or semi-persistent by the higher-layer parameter DL-PRS-ResourceType, the UE shall assume the PRS resource being transmitted when all of the following conditions are fulfilled:
-	the slot and frame numbers fulfil

-	the higher-layer parameter DL-PRS-MutingPattern is not provided or bit 

in the bitmap given by the higher-layer parameter DL-PRS-MutingPattern is set to one where  is the size of the bitmap; 
-	the higher-layer parameter DL-PRS-RepetitionMutingPattern is not provided or bit 

in the bitmap given by the higher-layer parameter DL-PRS-RepetitionMutingPattern is set to one.
where
-	the slot offset  is given by the higher-layer parameter DL-PRS-ResourceSetSlotOffset;
-	the PRS resource slot offset  is given by the higher-layer parameter DL-PRS-ResourceSlotOffset; 
-	the periodicity  is given by the higher-layer parameter DL-PRS-Periodicity where the value 20480 is not supported for ; 
-	the repetition factor  is given by the higher-layer parameter DL-PRS-ResourceRepetitionFactor;
-	the time gap  is given by the higher-layer parameter DL-PRS-ResourceTimeGap;
For a PRS resource in a PRS resource set configured as aperiodic by the higher-layer parameter DL-PRS-ResourceType, the UE shall assume the PRS resource being transmitted as described in clause XXX of [5, TS 38.213].
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