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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss PTRS related issues.
2 Discussion
2.1 PTRS sequence formula
In RAN1_91, the agreements corresponding to DMRS sequence for DFT-S- OFDM is as following:
Agreement
PT-RS sequence r(m) of length XxK is generated for the first OFDM symbol in the slot that contains PTRS and inserted in the m-th position (where minimum value of m is 0 and maximum m value is M-1) before M-size transform precoding
For a given slot, one single XxK sequence r(m) is generated for the first DFT-S-OFDM symbol containing PTRS in the slot and repeated for every DFT-S-OFDM symbol containing PTRS in the slot
BPSK sequence r’(n) = (1-2c(n))+j(1-2c(n)) is generated where the pseudo random sequence c(n) is initialized with already existing UE-specific parameter
Note: The scrambling ID for PTRS for DFTsOFDM is removed from the RRC list
FFS until later this week the exact parameter to use (e.g. the same nRSID as the associated UL DFTsOFDM DMRS/SRS, c_init from DL/UL DMRS, etc)
Pi/2 modulation dependent on the pre-DFT position m of the PTRS sample is applied to obtain r(m)=1/sqrt(2)* exp(jmpi/2)*ßPUSCH*r’’(n), where m is the n-th index in the symbol indicating a PT-RS position, n=0…XK-1, and ßPUSCH boosts the PT-RS to the outermost PUSCH constellation points

Agreement
The pseudo random sequence used as PTRS BPSK sequence has X*K samples and is generated by the same length-31 Gold sequence generator used for other RSs in NR, initialized with the same c_init formula as for PDSCH DMRS but using the UE specific parameter nDMRS-CSH-Identity-Transform-precoding as the scrambling ID. 
Note: The nDMRS-CSH-Identity-Transform-precoding is a UE specific parameter used for ZC DMRS sequence generation
Note: Time index l in c_init formula for PDSCH DMRS (if any) is set to the time index of the first DFTsOFDM symbol containing PTRS in the slot and is used for all symbols in a slot which carry PTRS

Working Assumption
OCC is applied onto the BPSK sequence before pi/2 modulation as r’’(n)=w(n)r’(n), where w(n) is the X times repetition of a length K OCC which is determined based on C-RNTI mod K
OCC is drawn from a Hadamard matrix of order K

However, the formula in 38.211 v200 shown below is quite confusing.


There is no explanation for parameter m. We believe it should be same as m’. At there is no description on the relationship between m’, s’ and k’. We think necessary change to the formula or some explanations should be added to address issue. In annex 4.1, we provide a revised formula.
2.2 PTRS time domain symbol position
In RAN_90bis, the agreements on PTRS time domain symbol position is as following:
Agreements:
· For CP-OFDM and DFT-s-OFDM, when PTRS is present, the PTRS mapping pattern starts at the first symbol containing PDSCH/PUSCH in the slot and then maps to every L_{PT-RS} symbol
· The PTRS mapping pattern is restarted at each symbol containing DMRS and then mapped to every L_{PT-RS}:th symbol relative to this symbol.
· In case of two adjacent DMRS symbols, the PTRS pattern is restarted using the second of the two DRMS symbols as a reference. 
· Consequently, when PTRS time density is lower than 1, the symbol right after front-loaded DMRS and the symbol right after additional DMRS (if exists) does not contain PTRS
· The PT-RS according to the mapping pattern is not transmitted in OFDM symbols that contains PDSCH/PUSCH DMRS 
· The PT-RS according to the mapping pattern is not transmitted in RE that overlaps with a configured CORESET 



Corresponding specification descriptions are shown in 38.211 v200 section 6.4.1.2.2.1/2, 7.4.1.2.2. However, after step 2, symbol can still overlap with DMRS symbol with i=1 and to be the last DMRS symbol. So we suggest to add a sentence after step 2 to address this case. The corresponding revisions for section 6.4.1.2.2.1 are shown in Annex 4.2. Revisions to the other two sections are same and it is omitted here.
2.3 PTRS time domain sample position
For DFT-S-OFDM, the agreements corresponding to PTRS mapping to time domain samples are as following.
RAN1_90bis meeting agreement:
Agreement:
For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1  where the n is FFS

RAN1_91 meeting agreement:
Agreement 
For chunk size K=2, support the following insertion pattern 
· The samples in DFT domain are divided in X intervals, and the chunks are located in the middle of each interval (n=floor(M/(2X))-1))

However, in 38.211 vf00, the PTRS time domain sample occupation when both chunk size and chunk number are 2 is not consistent with the agreement. So we propose corresponding revisions in Annex 4.3.
2.4 DL PTRS RB level offset
The RB level offset for PTRS per RAN_91 meeting agreement is as following:
Agreement
PTRS RB-level offset:
 for DL broadcast-type traffic, if PTRS is supported
 for DL and UL UE-specific data
Where  
N_RB is the number of scheduled resource blocks
A revision has been done for the UL part, and it seems corresponding revision for DL part is missing. So we propose the revisions as shown in Annex 4.4.
2.5 UE PT-RS transmission and reception procedure
The threshold for frequence domain density determination should be indicated by the higher-layer parameter UL-PTRS-frequence-density and frequencyDensity for UL and DL respectively. However, the threshold NRB,i = NRB,i+1 is indicated by UL-PTRS-time-density, and the NRB(i) = NRB(i +1) is indicated by timeDensity in current version of TS38.214.
When transform precoding is not enabled and if a UE is configured with the higher layer parameter UL-PTRS-present set to 'ON', the UE may assume that PT-RS is not present when scheduled MCS is smaller than ptrs-MCS1, but not 0, or the number of scheduled RBs is smaller than NRB0, but not 1.
Based on the above analysis, we propose the revisions as shown in Annex 4.5.
3 Conclusion
In this contribution, we discussed PTRS related issues on sequence formula, time domain symbol/sample level position and RB level offset, and other proposed revisions are shown in annex.
4 Annex
4.1 PTRS sequence formula (38.211)
[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. 
4.2 PTRS time domain symbol location (38.211)
[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 phase-tracking reference signals being used.
The PUSCH PT-RS shall be mapped to physical resources 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. Repeat step 2 as long as   overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2

34.   add  to the set of time indices for PT-RS
45.   increment [image: ] by one
56.   repeat from step 2 above as long as [image: ] is inside the PUSCH allocation
where [image: ].
4.3 PTRS time domain symbol position (38.211)
[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 phase-tracking reference signals being used.




The sequence  shall be multiplied by  and mapped to  complex valued symbols in  where


-	 are the complex-valued symbols in OFDM symbol  before transform precoding according to Section 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.
Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
	
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 s=0,11,3 and k=0,1 

	2
	4
	

 where  

	4
	2
	


   where 

	4
	4
	

 where


	8
	4
	

 where




4.4 DL PTRS RB level offset (38.211)
[bookmark: _Toc500952738]7.4.1.2.2	Mapping to physical resources
The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.
If present, the UE shall assume the PDSCH PT-RS being mapped to physical resources according to


[bookmark: _Hlk500883235]when all the following conditions are fulfilled

-	 is within the OFDM symbols allocated for the PDSCH transmission

-	resource element  is not used for DM-RS, CSI-RS, or by a configured CORESET

[bookmark: _Hlk497126566]The set of time indices  defined relative to the start of the PDSCH allocation is defined by


1.	set  and 

2.	if  overlaps with a symbol used for DM-RS according to clause 7.4.1.1.2

-	set 

-	set  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  by one

5.	repeat from step 2 above as long as  is inside the PDSCH allocation

where .


For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH 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 UE shall assume the PT-RS is mapped are given by


where 

-	
-	[image: ] is given by Table 7.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 5.1.6.2 in [6, TS 38.214].  If the higher-layer parameter DL-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 given by [6, TS38.214].
4.5 UE PT-RS transmission and reception procedure (38.214)
[bookmark: _Toc501048177]5.1.6.3	PT-RS reception procedure
[bookmark: _Hlk497901566][bookmark: _Hlk500829290]A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, assuming the MCS table with the maximum ModOrder as it reported to support.

[bookmark: _Hlk500844944][bookmark: _Hlk500442245]If a UE is configured with the higher layer parameter Downlink-PTRS-Config, set to ‘ON’,
-	if the additional higher layer parameters timeDensity and frequencyDensity are both configured, the UE shall assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 
-	otherwise the UE shall assume that PT-RS is not present when,
-	the scheduled MCS from Table 5.1.3.1-1 is smaller than 10, or
-	the scheduled MCS from Table 5.1.3.1-2 is smaller than 5, or  
-	the number of scheduled RBs is smaller than 3,
-	PT-RS is present with LPTRS =1 and KPTRS=2 for all other configurations.
Table 5.1.6.3-1: Time density of PT-RS as a function of scheduled MCS
	[bookmark: _Hlk497926106]Scheduled MCS
	
Time density ()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS < ptrs-MCS4
	1



Table 5.1.6.3-2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB <  NRB1
	2

	
 NRB1   NRB 
	4



[bookmark: _Hlk497925681][bookmark: _Hlk497901610]If the higher-layer parameter timeDensity indicates that the thresholds ptrs-MCS(i) = ptrs-MCS(i+1), then the time density LPTRS of the associated row where both these thresholds appear in Table 5.1.6.3-1 is disabled. If the higher-layer parameter timeDensityfrequenceDensity indicates that the thresholds NRB(i) = NRB(i +1), then the frequency density KPTRS of the associated row where both these thresholds appear in Table 5.1.6.3-2 is disabled.
If either of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, are not configured, the UE may assume LPT-RS = 1 and/or KPT-RS = 2.  
If either of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, are configured as ‘PT-RS not present’, the UE shall assume that PT-RS is not present.
[bookmark: _Hlk497928825]When a UE is scheduled PDSCH with two DL DM-RS port groups and each DM-RS port group is associated to one PT-RS port and one CW respectively, the time density of the PT-RS port corresponding to the codeword with lower MCS should be set as the same as that of the PT-RS port corresponding to the codeword with higher MCS when two PT-RS ports are active present.
When the UE is receiving a PDSCH with allocation duration of 2 symbols with mapping type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211] and if LPT-RS is set to 2 or 4, the UE shall assume PT-RS is not transmitted. 
When the UE is receiving a PDSCH with allocation duration of 4 symbols with mapping type B, and if LPT-RS is set to 4, the UE shall assume PT-RS is not transmitted.
When a UE is receiving PDSCH for retransmission, if the UE is scheduled with an MCS index greater than V, where V=28 for in MCS Table 5.1.3.1-1 and V=27 for MCS Table 5.1.3.1-2 respectively, the MCS for the PT-RS time-density determination is obtained from the DCI received for the same transport block in the initial transmission, which is smaller than or equal to V. 
The scheduled number of PT-RS ports for a UE is indicated by TCI in DCI.
A UE is configured by higher layer parameter nrofPorts with a number of DL PT-RS ports per TCI-state (as described in sub-clause 5.1.5) for PDSCH transmission.
-	If the number of DL PT-RS ports associated to a TCI-state in DCI is set to 2, the scheduled umber of PT-RS ports is 2, and each PT-RS port is associated with the corresponding DM-RS port group, and the UE does not expect to be scheduled with one DM-RS port group.
-	A DL PT-RS port and the DL DM-RS port(s) within the associated DL DM-RS port group are assumed to be quasi co-located with respect to {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}
-	The firstPT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the first DMRS port group. The second PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the second DMRS port group.
-	If the number of DL PT-RS ports associated to a TCI -state in DCI is set to 1, the number of PT-RS port is 1
-	If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is associated to two DM-RS port groups and the PTRS port is shared among the two DMRS port groups.
-	If one DL PT-RS port is transmitted for two scheduled DL DM-RS port groups, the PT-RS port and the DM-RS port(s) which are not in the associated DM-RS port group are assumed to be quasi co-located with respect to {Doppler spread, Doppler shift}. Otherwise, the PT-RS port and the DL DM-RS port(s) within the associated DL DM-RS port group are assumed to be quasi co-located with respect to {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}.
-	If a UE is scheduled with one codeword, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.
-	If a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port assigned for the codeword 0.

DL PTRS subcarrier offset,  shown in Subclause 7.4.1.2 of [1, TS 38.211] is determined by the higher layer parameter PTRS-RE-offset, as shown in Table 5.1.6.3-3 and Table 5.1.6.3-4 when DMRS configuration type 1 or type 2spectively, is configured. UE shall assume PTRS-RE-offset is set to ‘00’ if not configured.
Table 5.1.6.3-3: PTRS-RE-offset for DMRS configuration type 1
	PTRS-RE-offset
	
Sub-carrier index for PT-RS ()for the associated DMRS port

	
	DMRS port 
1000
	DMRS port 
1001
	DMRS port 
1002
	DMRS port 
1003

	00
	0
	2
	1
	3

	01
	2
	4
	3
	5

	10
	6
	8
	7
	9

	11
	8
	10
	9
	11



Table 5.1.6.3-4: PTRS-RE-offset for DMRS configuration type 2
	PTRS-RE-offset
	
Sub-carrier index for PT-RS () for the associated DMRS port

	
	DMRS port 
1000
	DMRS port 
1001
	DMRS port 
1002
	DMRS port 
1003
	DMRS port 
1004
	DMRS port 
1005

	00
	0
	1
	2
	3
	4
	5

	01
	1
	6
	3
	8
	5
	10

	10
	6
	7
	8
	9
	10
	11

	11
	7
	0
	9
	2
	11
	4


[bookmark: _Toc501048225]
6.2.3	UE PT-RS transmission procedure
When transform precoding is not enabled and if a UE is configured with the higher layer parameter UL-PTRS-present set to ‘ON’, 
-	if the additional higher layer parameters UL-PTRS-time-density and UL-PTRS-frequency-density are configured, the UE shall assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth in a corresponding bandwidth part as shown in Table 6.2.3-1 and Table 6.2.3-2, 
-	otherwise the UE may assume that PT-RS is not present when scheduled MCS is smaller than ptrs-MCS10 or the number of scheduled RBs is smaller than NRB01, and PT-RS is present with LPTRS = 1 and KPTRS = 2 for all other configurations.
Table 6.2.3-1: Time density of PT-RS as a function of scheduled MCS
	Scheduled MCS
	
Time density()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS < ptrs-MCS4
	1



Table 6.2.3-2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB <  NRB1
	2

	
 NRB1   NRB 
	4



[bookmark: _Hlk497485112]If the higher-layer parameter UL-PTRS-time-density indicates that the thresholds ptrs-MCSi = ptrs-MCSi+1, then the time density LPTRS of the associated row where both these thresholds appear in Table 6.2.3-1 is disabled. If the higher-layer parameter UL-PTRS-frequency-densityUL-PTRS- time -density indicates that the thresholds NRB,i = NRB,i+1, then the frequency density KPTRS of the associated row where both these thresholds appear in Table 6.2.3-2 is disabled.
If either of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 6.2.2-1 and Table 6.2.3-2, are not configured, the UE shall assume LPT-RS = 1 and/or KPT-RS = 2.  
If either of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 6.2.2-1 and Table 6.2.3-2, are configured as ‘PT-RS not present’, the UE shall assume that PT-RS is not present.
If a UE is configured with the higher layer parameters UL-PTRS-present and the number of configured PT-RS ports is 1, the UE is indicated a DM-RS port to be associated with the PT-RS by UL DCI.
When a UE is scheduled to transmit PUSCH with allocation duration of 2 symbols with mapping type A, and if LPT-RS is set to 2 or 4, the UE shall not transmit PT-RS. 
When a UE is scheduled to transmit PUSCH with allocation duration of 4 symbols with mapping type A, and if LPT-RS is set to 4, the UE shall not transmit PT-RS.
When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with IMCS > V, where V = 28 for MCS table 1 and V = 27 for MCS table 2, respectively, the MCS for PTRS time-density determination is obtained from the DCI for the same transport block in the initial transmission, which is smaller than or equal to V. 
[bookmark: _Hlk497932290]The maximum number of configured PT-RS ports is given by the higher layer parameter UL-PTRS-ports. 
If a UE has reported the capability of supporting [full-coherent UL transmission], the UE may expect the number of UL PT-RS ports to be configured as one,
For non-codebook based UL transmission, the UL PT-RS port index is signalled by a DCI associated to each SRS resource as described in Subclause 7.3.1.1.2 of [5, TS 38.212].
For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s). A UE may be configured with the PT-RS port index for each configured SRS resource by the higher layer parameter UL-PTRS-SRS-mapping-non-CB.  If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports are associated to the one UL PT-RS port.
For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or TRI in DCI format 0_1.
-	if the UE is configured with the higher -layer parameter UL-PTRS-ports set to 2, the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:
-	SRS port 0 and 2 in indicated TPMI share PT-RS port 0, and SRS port 1 and 3 in indicated TPMI share PT-RS port 1.
[bookmark: _Hlk500758550][bookmark: _Hlk500758849]-	UL PT-RS port 0 is associated with the UL layer [x] of layers which are transmitted with SRS port 0 and SRS port 2 in indicated TPMI, and UL PT-RS port 1 is associated with the UL layer [y] of layers which are transmitted with SRS port 1 and SRS port 3 in indicated TPMI, where [x] and/or [y] are given by DCI parameter PTRS-DMRS association as shown in DCI format 0_1 described in Subclause 6.2.3 of [5, TS38.212].
When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding and if the higher layer parameters UL-PTRS-time-density-transform-precoding and UL-PTRS-pre-DFT-density are configured, the UE shall assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3-3. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than or equal to NRB0 if NRB0 > 0.
Table 6.2.3-3: PT-RS pattern as a function of scheduled bandwidth
	Scheduled bandwidth
	Number of PT-RS groups
	Number of samples 
per PT-RS group

	
NRB0 NRB < NRB1
	2
	2

	
NRB1  NRB <  NRB2
	2
	4

	
NRB2  NRB <  NRB3
	4
	2

	
NRB3  NRB <  NRB4
	4
	4

	
NRB4  NRB
	8
	4




When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding, the PT-RS scaling factor  specified in Subclause 6.4.1.2.2.2 of [4, TS 38.211] is determined by the scheduled modulation order as shown in table 6.2.3-4.

Table 6.2.3-4: PT-RS scaling factor ( ) when transform coding enabled.  
	Scheduled modulation
	
PT-RS scaling factor ()

	π/2-BPSK
	1

	QPSK
	1

	16QAM
	


	64QAM
	


	256QAM
	




5 References
3GPP TR38.211 vf00, “NR: Physical channels and modulation” .
3GPP TR38.214 vf00, “NR: Physical layer procedures for data”.
[bookmark: _Ref485257329]Chairman’s notes, RAN1#91.
Chairman’s notes, RAN1#90bis.
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