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TS 38.211 text proposal

6.4.1.2	Phase-tracking reference signals for PUSCH
[bookmark: _Toc500952687]6.4.1.2.1	Sequence generation
[bookmark: _Toc500952688]6.4.1.2.1.1	Sequence generation if transform precoding is not enabled

If transform precoding is not enabled, the phase-tracking reference signal for subcarrier  is given by

	
where

-	 is the demodulation reference signal given by clause 6.4.1.1.2 

-	at position  in absence of PT-RS frequency hopping



-	at position  of the first DM-RS symbol in hop  in presence of PT-RS frequency hopping where 

-	 is the antenna port associated with PT-RS transmission according to clause 6.2.3 of [38,214]
[bookmark: _Toc500952689]6.4.1.2.1.2	Sequence generation if transform precoding is enabled

If transform precoding is enabled, the phase-tracking reference signal  shall be generated according to
· 
.


where the pseudo-random sequence  is defined in clause 5.2.1 and  is given by Table 6.4.1.2.1.2-1. The pseudo-random sequence generator shall be initialized with

	



where  is the lowest OFDM symbol number in the PUSCH allocation in slot  that contains PT-RS according to clause 6.4.1.2.2.2 and is given by the higher-layer parameter nDMRS-CSH-Identity-Transform-precoding. 

Table 6.4.1.2.1.2-1: The orthogonal sequence .
	
	

	


	0
	

	


	1
	

	


	2
	-
	


	3
	-
	




[bookmark: _Toc500952690]6.4.1.2.2	Mapping to physical resources
[bookmark: _Toc500952691]6.4.1.2.2.1	Mapping to physical resources if transform precoding is not enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.
The PUSCH PT-RS shall be mapped to resource elements according to

	
when all the following conditions are fulfilled
-	[image: ] is within the OFDM symbols allocated for the PUSCH transmission
-	resource element [image: ] is not used for DM-RS
Resource elements declared as 'reserved' according to clause 4.4.3 shall be counted in the mapping process but not used for transmission.

The quantity  is an amplitude scaling factor to conform with the transmit power specified in [6, TS 38.214].
The set of time indices [image: ] defined relative to the start of the PUSCH allocation is defined by


1. set  and 

2. if  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2

- set 
- set [image: ] to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions

3. add  to the set of time indices for PT-RS
4. increment [image: ] by one
5. repeat from step 2 above as long as [image: ] is inside the PUSCH allocation
where [image: ].


For the purpose of PT-RS mapping, the resource blocks allocated for PUSCH transmission are numbered from 0 to  from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource blocks are numbered in increasing order starting from the lowest frequency from 0 to . The subcarriers to which the PT-RS shall be mapped are given by
· 

where
-	
-	[image: ] is given by Table 6.4.1.2.2.1-1 for the DM-RS port associated with the PT-RS port according to clause 6.2.3 in [6, TS 38.214]. If the higher-layer parameter UL-PTRS-RE-offset is not configured, the column corresponding to '00' shall be used.

-	is the C-RNTI associated with the DCI scheduling the transmission

-	 is the number of resource blocks scheduled
-	[image: ] is given by [6, TS38.214].
Table 6.4.1.2.2.1-1: The parameter [image: ] .
	DM-RS antenna port

	[image: ]

	
	DM-RS Configuration type 1
	DM-RS Configuration type 2

	
	UL-PTRS-RE-offset 
	UL-PTRS-RE-offset 

	
	00
	01
	10
	11
	00
	01
	10
	11

	1000
	0
	2
	6
	8
	0
	1
	6
	7

	1001
	2
	4
	8
	10
	1
	6
	7
	0

	1002
	1
	3
	7
	9
	2
	3
	8
	9

	1003
	3
	5
	9
	11
	3
	8
	9
	2

	1004
	-
	-
	-
	-
	4
	5
	10
	11

	1005
	-
	-
	-
	-
	5
	10
	11
	4



[bookmark: _Toc500952692]6.4.1.2.2.2	Mapping to physical resources if transform precoding is enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.





The sequence  shall be multiplied by  and mapped to  complex valued symbols in  where	Comment by Mattias Frenne: change


-	 are the complex-valued symbols in OFDM symbol  before transform precoding according to Subclause 6.3.1.4




-	 depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1


[bookmark: _Hlk500849158]-	 is the ratio between amplitude of one of the outermost constellation points for the modulation scheme used for PUSCH and one of the outermost constellation points for π/2-BPSK and  is defined in clause 6.3.1.6
The set of time indices [image: ] for which PT-RS shall be transmitted is defined relative to the start of the PUSCH allocation and is defined by
1. set [image: ] and [image: ]
2. if [image: ] overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2

- set 
- set [image: ] to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
3. add [image: ] to the set of time indices for PT-RS
4. increment [image: ] by one
5. repeat from step 2 above as long as [image: ] is inside the PUSCH allocation

where  is given by the higher-layer parameter UL-PTRS-time-density-transform-precoding.
[bookmark: _Hlk498342295]Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
	
[bookmark: _Hlk500849359]Number of 
PT-RS groups

	
Number of samples per PT-RS group

	

Index  of PT-RS samples in OFDM symbol  prior to transform precoding

	2
	2
	


 where 	Comment by Mattias Frenne: change

	2
	4
	

 where 

	4
	2
	



  where 	Comment by Mattias Frenne: change

	4
	4
	

 where


	8
	4
	

 where




TS 38.214 text proposal
4.1.2 Power allocation for downlink 
The gNodeB determines the downlink transmit energy per resource element. 
For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume downlink EPRE is constant across the bandwidth. For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume downlink EPRE is constant over SSS carried in different SS/PBCH blocks. For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume that the ratio of SSS EPRE to PBCH DM-RS EPRE is 0 dB. 
For the purpose of CSI-RSRP, CSI-RSRQ and CSI-SINR measurements, the UE may assume downlink EPRE of a port of CSI-RS configuration is constant across the configured downlink bandwidth and constant across all configured OFDM symbols.
The downlink SS/PBCH SSS EPRE can be derived from the SS/PBCH downlink transmit power given by the parameter SS-PBCH-BlockPower provided by higher layers. The downlink SSS transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry the SSS within the operating system bandwidth. 
The downlink CSI-RS EPRE can be derived from the SS/PBCH block downlink transmit power given by the parameter SS-PBCH-BlockPower and CSI-RS power offset given by the parameter Pc_SS provided by higher layers. The downlink reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of the resource elements that carry the configured CSI-RS within the operating system bandwidth.

For downlink DM-RS with PDSCH, the UE may assume the ratio of NR- PDSCH EPRE to DM-RS EPRE ([dB]) is as shown in Table 4.1-1 according to the number of DM-RS CDM groups without data as defined in [5, TS 38.212] used signalled by DCI. 
Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB




When the UE is scheduled with NPTRS PT-RS ports in downlink and the PT-RS port i is associated to DM-RS ports, 

-	if the UE is configured with the higher layer parameter epre-RATIO for PT-RS port i, the ratio of PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i () is given by

	, [dB]

where  is as shown in the Table 4.1-2 according to the epre-RATIO for PT-RS port i
-	the UE shall assume epre-RATIO is set to state ‘00’ in Table 4.1-2 if not configured. 

Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i () 
	PDSCH-to-PT-RS EPRE ratio for PT-RS port i
	
The number of DM-RS ports associated to PT-RS port The number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port i, ()

	
	1
	2
	3
	4
	5
	6

	00
	0
	3
	4.77
	6
	7
	7.78

	01
	0
	0
	0
	0
	0
	0

	10
	reserved

	11
	reserved
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