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Introduction
In this contribution, we discuss remaining corrections related to PT-RS.
Issue 1: UL PT-RS power boosting
The already specified power boosting scheme for UL PTRS for coherent codebook-based UL transmission can also be applied to other use cases, including non-codebook-based UL transmission. The non-codebook transmission can be configured as the non-coherent codebook subset of precoding matrices as it provides the largest coverage of possible implementations of non-codebook transmissions. 
In addition, the “full coherent”, “partial coherent” and “non-coherent” classification of precoding matrices is not captured in specifications. It should be noted that although the UE is higher layer configured with ULCodebookSubset it does not define which precoding matrices belong to each classification. A text proposal to capture the classification in 38.211 is given below as well as the 38.214 modification to introduce non-coherent case. 

<<<< begin 38.214 text proposal <<<
[bookmark: _Hlk510524694]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
[---unchanged and omitted text---]

For PT-RS, the transmit power of PT-RS is derived from , which is the power ratio between power of PUSCH and power of PT-RS per port.

For codebook based uplink transmission, when the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is ,





-	If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3 according to the higher layer parameter ptrs-Power, the PT-RS scaling factor  specified in subclause 6.4.1.2.2.1 of [4, TS 38.211] is given by   and  also on the TPMI field in DCI and the precoder classification in Table 6.3.1.5-8 in [TS 38.211] for codebook based uplink transmission.
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state “00” in Table 6.2.3.1-3 if not configured.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial, and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved



<<<< end 38.214 text proposal <<<

<<<< begin 38.211 text proposal <<<
[bookmark: _Toc500952653]6.3.1.5	Precoding
 [---unchanged and omitted text---]


Table 6.3.1.5-8: Classification of precoding matrix  for codebook-based transmission with transform precoding disabled.
	
	Classification per TPMI index

	Transmission case
	Non-coherent
	Partial Coherent
	Fully coherent

	1 layer, 2 antenna ports
	0,1
	-
	2-5

	1 layer, 4 antenna ports
	0-3
	4-11
	12-27

	2 layers, 2 antenna ports
	0
	-
	1,2

	2 layers, 4 antenna ports
	0-5
	6-13
	14-21

	3 layers, 4 antenna ports
	0
	1,2
	3-6

	4 layers, 4 antenna ports
	0
	1,2
	3,4



<<<< end 38.211 text proposal <<<

Issue 2: Density in case of UCI on PUSCH without UL-SCH
It is agreed as a working assumption in #92bis:
Working assumption:
Support variable time density LPT-RS for UCI-only PUSCH where information (e.g. MCS) in DCI is used to determine LPT-RS.
A simple approach would be follow the MCS as indicated in DCI. 
The time density LPT-RS for UCI-only PUSCH follows the MCS as signalled in DCI
Issue 3: PT-RS procedures for UL – fallback DCI
[bookmark: _Toc501048225]In 38.214, we propose that PT-RS is only present with configured densities when scheduled from DCI format 0_1, otherwise the default densities is used. This allows the network to reach the UE during RRC reconfiguration of the thresholds, by using the fallback DCI format 0_0.
UL PT-RS is only applied with configured densities when scheduled from DCI format 1_0, otherwise the default densities are used
We suggest updating these sections according to the text proposal below:
<<<< begin text proposal <<<

[bookmark: _Toc510988240]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
When transform precoding is not enabled and if a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig , the PTRS may only be present if RNTI equals C-RNTI, CS-RNTI, SPS-CSI-RNTI.
-    the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3 and NRB,i , i=0,1, as shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, respectively. 
-	if an additional higher layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig are configured, and the PUSCH is scheduled from DCI format 1_0, 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 6.2.3.1-1 and Table 6.2.3.1-2, respectively, 
-	if the higher layer parameter timeDensity is not configured, the UE may assume LPT-RS = 1.
-	if the higher layer parameter frequencyDensity is not configured, the UE may assume KPT-RS = 2.
-  if the PUSCH is scheduled from DCI format 0_0, the UE shall assume LPT-RS = 1 and KPT-RS = 2.
<<<< end text proposal <<<

Issue 4: Ambiguity in PT-RS procedures for DL 
In 38.214, there ambiguities since the first paragraphs states that PTRS is present with a certain density and the second states that PTRS is not present. In addition, the  listed conditions when PTRS is not present applies only in the case neither density table has been configured. 
Hence, we propose: 


<<<< begin text proposal <<<
[bookmark: _Toc510988183]5.1.6.3	PT-RS reception procedure
[bookmark: _Hlk497901566][bookmark: _Hlk500829290][bookmark: _Hlk513105514]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 phaseTrackingRS in DMRS-DownlinkConfig ,
-    the higher layer parameters timeDensity and frequencyDensity in PTRS-DownlinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3 and NRB,i , i=0,1, as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2,  respectively. 
-	if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and the RNTI equals C-RNTI or CS-RNTI, the UE shall assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled MCS of the corresponding codeword and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 
-	if the higher layer parameter timeDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume LPT-RS = 1.
-	if the higher layer parameter frequencyDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume KPT-RS = 2.
-	otherwise, if none of the additional higher layer parameters timeDensity and frequencyDensity are configured and the RNTI equals C-RNTI or CS-RNTI,  the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2 and the UE shall assume 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, or
-	the RNTI equals RA-RNTI, SI-RNTI or P-RNTI.
     -    the UE shall assume PT-RS is not present when the RNTI equals RA-RNTI, SI-RNTI or P-RNTI.
<<<< end text proposal <<<

Issue 5: PT-RS procedures for DL – fallback DCI
In 38.214, we propose that PT-RS is only present with configured densities when scheduled from DCI format 1_1, otherwise the default densities is used. This allows the network to reach the UE during RRC reconfiguration of the thresholds, by using the fallback DCI format 1_0.
DL PT-RS is only applied with configured densities when scheduled from DCI format 1_1, otherwise the default densities are used
We suggest updating these sections according to the text proposal below: 

<<<< begin text proposal <<<
5.1.6.3	PT-RS reception procedure
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.
If a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig ,
-    the higher layer parameters timeDensity and frequencyDensity in PTRS-DownlinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3 and NRB,i , i=0,1, as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2,  respectively. 
[bookmark: _Hlk513202535][bookmark: _Hlk513202517]-	if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and the RNTI equals C-RNTI or CS-RNTI, and the PDSCH is scheduled from DCI format 1_1, then the UE shall assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled MCS of the corresponding codeword and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 
-	if the higher layer parameter timeDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume LPT-RS = 1.
-	if the higher layer parameter frequencyDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume KPT-RS = 2.
-	otherwise, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2.
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, or
-	the RNTI equals RA-RNTI, SI-RNTI or P-RNTI.
[bookmark: _GoBack]
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