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1. Introduction
In this contribution, we address the maintenance for reference signals and QCL.
2. PT-RS
2.1. PT-RS for URLLC
In the current 38.211, the following text and table are captured.
	[bookmark: _Toc517439466]5.1.6.3	PT-RS reception procedure
[…]
[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. 
[…]
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


[…]


At the last RAN1 meeting [1], there were the following agreements for NR URLLC in Rel-15.
	Agreements:
· For URLLC, for grant-based transmissions, introduce one RRC parameter for configuring a new RNTI.
· When the new RNTI is not configured, existing RRC parameter mcs-table is extended to select from 3 MCS tables (existing 64QAM MCS table, existing 256QAM MCS table, new 64QAM MCS table). 
· When mcs-table indicates the new 64QAM MCS table:
· For DCI format 0_0/1_0 in CSS, existing 64QAM MCS table is used.
· For DCI formats 0_0/1_0/0_1/1_1 in USS, new 64QAM MCS table is used. 
· Otherwise, follow existing behaviour.
· Note: the configuration for DL and UL is separate
· When the new RNTI (via RRC) is configured, RNTI scrambling of DCI CRC is used to choose MCS table:
· If the DCI CRC is scrambled with the new RNTI, the new 64QAM MCS table is used; otherwise, follow existing behaviour. 


As captured in the above, the time density of PT-RS is determined as a function of scheduled MCS by using higher layer parameters ptrs-MCS1, ptrs-MCS2, ptrs-MCS3, and ptrs-MCS4. These higher layer parameters are configured based on a RRC-configured MCS table (MCS index table 1 or 2 for PDSCH: see appendix), though, the new-RNTI can indicate the use of the different MCS table (MCS index table 3 for PDSCH: see appendix). Desirable configuration of time density of PT-RS is different from the configured parameters; hence additional time density configuration of PT-RS should be supported for NR URLLC in Rel-15.
For example, ptrs-MCS1 = 10, ptrs-MCS2 = 17, ptrs-MCS3 = 23, and ptrs-MCS4 = 29, for MCS index table 1 (first 64QAM MCS table) can be configured such that PT-RS time density can be different for different modulation order. For a PDSCH scheduled by a DCI with C-RNTI scrambling, time density of PT-RS is determined by the above thresholds for MCS indexes. For example, when I_MCS = 12, PT-RS is inserted with time density = 4.
[bookmark: _GoBack]However, with the current specification, even when a UE receives a DCI with new-RNTI scrambling, time density configuration for the scheduled PDSCH is the same. In general, for the same value of I_MCS, the code rate/MCS of MCS index table 3 is lower than those of MCS index table 1. Therefore, re-using time density configuration of PT-RS for MCS table 1 to MCS table 3 wastes some resources. Conversely, if the PT-RS time density configuration is optimized for MCS index table 3, the PT-RS time density for MCS index table 1 is not enough and hence, the performance degradation is expected particularly for higher order modulation or higher code rate.
To configure time density configurations of PT-RS for both MCS index table 1 or 2 and MCS index table 3 simultaneously, new higher layer parameters should be introduced. Different boundaries enable to set different time density configuration of PT-RS, which is suitable for each of eMBB and URLLC. Then, a similar table using the new higher layer parameters to the current table 5.1.6.3-1 can be introduced. Therefore, we propose the followings.

Proposal 1:
· NR Rel-15 June drop supports two time-density configurations of PT-RS for eMBB and URLLC.
· Apply the following first TP and second TP to 38.214 and 38.211, respectively.
	38.214
5.1.6.3	PT-RS reception procedure
[…]
If a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig,
-	the higher layer parameters timeDensity, timeDensityURLLC, and frequencyDensity in PTRS-DownlinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3, ptrs-MCS-URLLCi, i=1,2,3, and NRB,i , i=0,1, as shown in Table 5.1.6.3-1, Table 5.1.6.3-2, and Table 5.1.6.3-23, 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 5.1.6.3-23, 
-	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.
-	if either or both of the additional higher layer parameters timeDensityURLLC and frequencyDensity are configured, and the RNTI equals new-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 5.1.6.3-2 and Table 5.1.6.3-3, 
-	if the higher layer parameter timeDensityURLLC 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 neither of the additional higher layer parameters timeDensity, timeDensityURLLC, and frequencyDensity are configured and the RNTI equals C-RNTI or CS-RNTI or new-RNTI, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2, and 
[…]
Table 5.1.6.3-1: Time density 1 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 5.1.6.3-2: Time density 2 of PT-RS as a function of scheduled MCS
	Scheduled MCS
	
Time density ()

	IMCS < ptrs-MCS-URLLC1
	PT-RS is not present

	
ptrs-MCS-URLLC1  IMCS < ptrs-MCS-URLLC2
	4

	
ptrs-MCS-URLLC2  IMCS < ptrs-MCS-URLLC3
	2

	
ptrs-MCS-URLLC3  IMCS < ptrs-MCS-URLLC4
	1


Table 5.1.6.3-23: 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: _Toc517439525]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 higher layer parameters timeDensity, timeDensityURLLC, and frequencyDensity in PTRS-UplinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3, ptrs-MCS-URLLCi, i=1,2,3, and NRB,i , i=0,1, as shown in Table 6.2.3.1-1, Table 6.2.3.1-2, and Table 6.2.3.1-23,  respectively. 
-	if an additional higher layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig 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 and scheduled bandwidth in a corresponding bandwidth part as shown in Table 6.2.3.1-1 and Table 6.2.3.1-23, 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 an additional higher layer parameters timeDensityURLLC and/or frequencyDensity in PTRS-UplinkConfig are configured, and the RNTI equals new-RNTI, 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 6.2.3.1-2 and Table 6.2.3.1-3, respectively, 
-	if the higher layer parameter timeDensityURLLC 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.
Table 6.2.3.1-1: Time density 1 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 6.2.3.1-2: Time density 2 of PT-RS as a function of scheduled MCS
	Scheduled MCS
	
Time density ()

	IMCS < ptrs-MCS-URLLC1
	PT-RS is not present

	
ptrs-MCS-URLLC1  IMCS < ptrs-MCS-URLLC2
	4

	
ptrs-MCS-URLLC2  IMCS < ptrs-MCS-URLLC3
	2

	
ptrs-MCS-URLLC3  IMCS < ptrs-MCS-URLLC4
	1



Table 6.2.3.1-23: 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



The higher layer parameter PTRS-UplinkConfig provides the parameters ptrs-MCSi, i=1,2,3 and/or ptrs-MCS-URLLCi, i=1,2,3 and with values in 0-29 when MCS Table 5.1.3.1-1 and MCS Table 5.1.3.1-3 isare configured and 0-28 when MCS Table 5.1.3.1-2 is configured, respectively. ptrs-MCS4 and ptrs-MCS-URLLC4 isare not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 and MCS Table 5.1.3.1-3 isare configured and 28 when MCS Table 5.1.3.1-2 is configured. The higher layer parameter PTRS-UplinkConfig provides the parameters NRBi i=0,1 with values in range 0-276. 
If the higher layer parameter PTRS-UplinkConfig indicates that the time density thresholds ptrs-MCSi = ptrs-MCSi+1 or ptrs-MCS-URLLCi = ptrs-MCS-URLLCi+1, then the time density LPTRS of the associated row where both these thresholds appear in Table 6.2.3.1-1 or Table 6.2.3.1-2 is disabled. If the higher layer parameter frequencyDensity in PTRS-UplinkConfig indicates that the frequency density thresholds NRB,i = NRB,i+1, then the frequency density KPTRS of the associated row where both these thresholds appear in Table 6.2.3.1-23 is disabled.
If either or both of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 6.2.3.1-1, Table 6.2.3.1-2, and Table 6.2.3.1-23, indicates that are configured as 'PT-RS not present', the UE shall assume that PT-RS is not present.
[…]

[bookmark: _Toc517439526]6.2.3.2	UE PT-RS transmission procedure when transform precoding is enabled
When transform precoding is enabled and if a UE is configured with the higher layer parameter dft-S-OFDM in PTRS-UplinkConfig,
-	the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than NRB0 if NRB0 > 1 or if the RNTI equals TC-RNTI.
-	and the UE may be configured PT-RS time density LPT-RS = 2 with the higher layer parameter timeDensity in the case that the RNTI equals C-RNTI or CS-RNTI, and timeDensityURLLC in the case of the RNTI equals new-RNTI. Otherwise, the UE shall assume LPT-RS = 1.
-	if the higher layer parameter sampleDensity indicates that the sample density thresholds NRB,i = NRB,i+1, then the associated row where both these thresholds appear in Table 6.2.3.2-1 is disabled.
[…]




	[bookmark: _Toc516767320]38.211
[bookmark: _Toc516767319]6.4.1.2.2.1	Precoding and mapping to physical resources if transform precoding is not enabled
[…]
The set of time indices [image: ] defined relative to the start of the PUSCH allocation is defined by


1. set  and 

2. if any symbol in the interval  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.3

-	set 
-	set [image: ] to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS or to the symbol index of the second DM-RS symbol in case of a double-symbol DM-RS

-	repeat from step 2 as long as  is inside the PUSCH allocation

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  is inside the PUSCH allocation
where [image: ] is defined in Table 6.2.3.1-1 and Table 6.2.3.1-2 of [6, TS 38.214].
[…]
6.4.1.2.2.2	Mapping to physical resources if transform precoding is enabled
[…]
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 any symbol in the interval  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.3

-	set 
-	set [image: ] to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol index of the second DM-RS symbol in case of a double-symbol DM-RS

-	repeat from step 2 as long as  is inside the PUSCH allocation

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  is inside the PUSCH allocation

where  is given by the higher-layer parameter timeDensity in PTRS-UplinkConfig if the DCI scheduling the PUSCH is scrambled by C-RNTI or CS-RNTI, or timeDensityURLLC in PTRS-UplinkConfig if the DCI scheduling the PUSCH is scrambled by new-RNTI.
[…]



2.2. Editorial modification in TS38.214
In TS38.214, PT-RS time density is determined by timeDensity; however, the parameter name is incorrectly specified.

	6.2.3.2  UE PT-RS transmission procedure when transform precoding is enabled
[…]
When transform precoding is enabled and if a UE is configured with the higher layer parameter dft-S-OFDM in PTRS-UplinkConfig ,
-	the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than NRB0 if NRB0 > 1 or if the RNTI equals TC-RNTI.
-	and the UE may be configured PT-RS time density LPT-RS = 2 with the higher layer parameter timeDensity. Otherwise, the UE shall assume LPT-RS = 1.
[…]



	· PTRS-UplinkConfig
PTRS-UplinkConfig ::= 					SEQUENCE { 
	modeSpecificParameters					CHOICE {
		cp-OFDM									SEQUENCE {
			frequencyDensity						SEQUENCE (SIZE (2)) OF INTEGER (1..276)					OPTIONAL,	-- Need S
			timeDensity								SEQUENCE (SIZE (3)) OF INTEGER (0..29)					OPTIONAL, 	-- Need S
			maxNrofPorts							ENUMERATED {n1, n2},
			resourceElementOffset					ENUMERATED {offset01, offset10, offset11 }				OPTIONAL,	-- Need S
			ptrs-Power								ENUMERATED {p00, p01, p10, p11}
		},
		dft-S-OFDM								SEQUENCE {
			sampleDensity						SEQUENCE (SIZE (5)) OF INTEGER (1..276),
			timeDensityTransformPrecoding		ENUMERATED {d2}												OPTIONAL	-- Need S
		}
	}																										OPTIONAL,	-- Need M
	...
}



Hence, we provide following TP.
	6.2.3.2  UE PT-RS transmission procedure when transform precoding is enabled [TS38.214]
[…]
When transform precoding is enabled and if a UE is configured with the higher layer parameter dft-S-OFDM in PTRS-UplinkConfig ,
-	the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than NRB0 if NRB0 > 1 or if the RNTI equals TC-RNTI.
-	and the UE may be configured PT-RS time density. UE assumes LPT-RS = 2 if timeDensityTransformPrecoding is provided; otherwise, the UE shall assume LPT-RS = 1.
[…]



3. DM-RS
3.1. DM-RS sequence generation for Configured Grant
In TS 38.211, DM-RS sequence is generated by using the higher-layer parameters scramblingID0 and scramblingID1 in the DMRS-UplinkConfig IE. In Rel. 15, Configured-Grant is supported. For a UE configured with Configured-Grant, both PUSCH-Config and ConfiguredGrantConfig that have DMRS-UplinkConfig are provided. Hence, when the UE generates DM-RS sequence, UE cannot know which parameter of DMRS-UplinkConfig the UE shall use. We believe this issue is an essential for Configured-Grant, and a TP is required.

	-  PUSCH-Config information element
PUSCH-Config ::= 						SEQUENCE {
[…]
	dmrs-UplinkForPUSCH-MappingTypeA		SetupRelease { DMRS-UplinkConfig }											OPTIONAL,	-- Need M
	dmrs-UplinkForPUSCH-MappingTypeB		SetupRelease { DMRS-UplinkConfig }											OPTIONAL,	-- Need M
[…]
	...
}



	-  ConfiguredGrantConfig information element
ConfiguredGrantConfig ::=				SEQUENCE {
[bookmark: OLE_LINK15][…]
	cg-DMRS-Configuration					DMRS-UplinkConfig,
			...
	}																									OPTIONAL  -- Need R
}



Based on the above discussion, we provide the following TP.
	6.4.1.1.1.1                  Sequence generation when transform precoding is disabled
If transform precoding for PUSCH is not enabled, the sequence [image: ] shall be generated according to
[image: ].
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
[image: ]
where [image: ] is the OFDM symbol number within the slot, [image: ] is the slot number within a frame, and
-     [image: ]are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by PDCCH using DCI format 0_1 with the CRC scrambled by C-RNTI or in the cg-DMRS-configuration IE if provided and the PUSCH is the uplink transmission without grant according to [TS38.214 Section 6.1.2.3];
-     [image: ]is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by using DCI format 0_0 with the CRC scrambled by C-RNTI or in the cg-DMRS-configuration IE if provided and the PUSCH is the uplink transmission without grant according to [TS38.214 Section 6.1.2.3];
-     [image: ]otherwise. 
The quantity  is indicated by the DM-RS initialization field, if present, in the DCI associated with the PUSCH transmission if DCI format 0_1 in [4, TS 38.212] is used or is configured by dmrs-SeqInitialization in the ConfiguredGrantConfig for the uplink transmission without grant according to [TS38.214 Section 6.1.2.3], otherwise .



	6.4.1.1.1.2                  Sequence generation when transform precoding is enabled
If transform precoding for PUSCH is enabled, the reference-signal sequence [image: ] shall be generated according to
[image: ]
where [image: ] is given by clause 5.2.2 with [image: ] and [image: ] for a PUSCH transmission dynamically scheduled by DCI.
The sequence group [image: cid:image032.png@01D4300D.ABB06800], where [image: cid:image034.png@01D4300D.ABB06800] is given by
-     [image: cid:image036.png@01D4300D.ABB06800]if [image: cid:image038.png@01D4300D.ABB06800] is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE for the PUSCH scheduled by a DCI, or in the cg-DMRS-Configuration for the uplink transmission without grant according to [TS38.214 Section 6.1.2.3], and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].
-      otherwise



3.2. DM-RS group in TS38.214
In the last meeting [1], it was endorsed that dmrs-group1 and dmrs-group2 in DMRS-DownlinkConfig IE are not used in Release 15 [2]. However, in TS38.214, the specification of dmrs-group1 and dmrs-group2 still remain. Hence, we provide the following TP.

	5.1.6.2  DM-RS reception procedure
[…]
A UE may assume that the DM-RS ports configured with higher layer parameter [-dmrs-group1] or [dmrs-group2] are QCL (as defined in Subclause 4.3.1 of [4, TS 38.211]) with respect to {average gain and QCL-TypeA' and QCL-TypeD'}
[…]




4. Conclusion
In this contribution, we discussed the maintenance for reference signals and QCL and proposed the followings:
Proposal 1:
· NR Rel-15 June drop supports two time-density configurations of PT-RS for eMBB and URLLC.
· Apply the following first TP and second TP to 38.214 and 38.211, respectively.
	38.214
5.1.6.3	PT-RS reception procedure
[…]
If a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig,
-	the higher layer parameters timeDensity, timeDensityURLLC, and frequencyDensity in PTRS-DownlinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3, ptrs-MCS-URLLCi, i=1,2,3, and NRB,i , i=0,1, as shown in Table 5.1.6.3-1, Table 5.1.6.3-2, and Table 5.1.6.3-23, 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 5.1.6.3-23, 
-	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.
-	if either or both of the additional higher layer parameters timeDensityURLLC and frequencyDensity are configured, and the RNTI equals new-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 5.1.6.3-2 and Table 5.1.6.3-3, 
-	if the higher layer parameter timeDensityURLLC 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 neither of the additional higher layer parameters timeDensity, timeDensityURLLC, and frequencyDensity are configured and the RNTI equals C-RNTI or CS-RNTI or new-RNTI, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2, and 
[…]
Table 5.1.6.3-1: Time density 1 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 5.1.6.3-2: Time density 2 of PT-RS as a function of scheduled MCS
	Scheduled MCS
	
Time density ()

	IMCS < ptrs-MCS-URLLC1
	PT-RS is not present

	
ptrs-MCS-URLLC1  IMCS < ptrs-MCS-URLLC2
	4

	
ptrs-MCS-URLLC2  IMCS < ptrs-MCS-URLLC3
	2

	
ptrs-MCS-URLLC3  IMCS < ptrs-MCS-URLLC4
	1


Table 5.1.6.3-23: 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



[…]

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 higher layer parameters timeDensity, timeDensityURLLC, and frequencyDensity in PTRS-UplinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3, ptrs-MCS-URLLCi, i=1,2,3, and NRB,i , i=0,1, as shown in Table 6.2.3.1-1, Table 6.2.3.1-2, and Table 6.2.3.1-23,  respectively. 
-	if an additional higher layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig 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 and scheduled bandwidth in a corresponding bandwidth part as shown in Table 6.2.3.1-1 and Table 6.2.3.1-23, 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 an additional higher layer parameters timeDensityURLLC and/or frequencyDensity in PTRS-UplinkConfig are configured, and the RNTI equals new-RNTI, 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 6.2.3.1-2 and Table 6.2.3.1-3, respectively, 
-	if the higher layer parameter timeDensityURLLC 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.
Table 6.2.3.1-1: Time density 1 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 6.2.3.1-2: Time density 2 of PT-RS as a function of scheduled MCS
	Scheduled MCS
	
Time density ()

	IMCS < ptrs-MCS-URLLC1
	PT-RS is not present

	
ptrs-MCS-URLLC1  IMCS < ptrs-MCS-URLLC2
	4

	
ptrs-MCS-URLLC2  IMCS < ptrs-MCS-URLLC3
	2

	
ptrs-MCS-URLLC3  IMCS < ptrs-MCS-URLLC4
	1



Table 6.2.3.1-23: 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



The higher layer parameter PTRS-UplinkConfig provides the parameters ptrs-MCSi, i=1,2,3 and/or ptrs-MCS-URLLCi, i=1,2,3 and with values in 0-29 when MCS Table 5.1.3.1-1 and MCS Table 5.1.3.1-3 isare configured and 0-28 when MCS Table 5.1.3.1-2 is configured, respectively. ptrs-MCS4 and ptrs-MCS-URLLC4 isare not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 and MCS Table 5.1.3.1-3 isare configured and 28 when MCS Table 5.1.3.1-2 is configured. The higher layer parameter PTRS-UplinkConfig provides the parameters NRBi i=0,1 with values in range 0-276. 
If the higher layer parameter PTRS-UplinkConfig indicates that the time density thresholds ptrs-MCSi = ptrs-MCSi+1 or ptrs-MCS-URLLCi = ptrs-MCS-URLLCi+1, then the time density LPTRS of the associated row where both these thresholds appear in Table 6.2.3.1-1 or Table 6.2.3.1-2 is disabled. If the higher layer parameter frequencyDensity in PTRS-UplinkConfig indicates that the frequency density thresholds NRB,i = NRB,i+1, then the frequency density KPTRS of the associated row where both these thresholds appear in Table 6.2.3.1-23 is disabled.
If either or both of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 6.2.3.1-1, Table 6.2.3.1-2, and Table 6.2.3.1-23, indicates that are configured as 'PT-RS not present', the UE shall assume that PT-RS is not present.
[…]

6.2.3.2	UE PT-RS transmission procedure when transform precoding is enabled
When transform precoding is enabled and if a UE is configured with the higher layer parameter dft-S-OFDM in PTRS-UplinkConfig,
-	the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than NRB0 if NRB0 > 1 or if the RNTI equals TC-RNTI.
-	and the UE may be configured PT-RS time density LPT-RS = 2 with the higher layer parameter timeDensity in the case that the RNTI equals C-RNTI or CS-RNTI, and timeDensityURLLC in the case of the RNTI equals new-RNTI. Otherwise, the UE shall assume LPT-RS = 1.
-	if the higher layer parameter sampleDensity indicates that the sample density thresholds NRB,i = NRB,i+1, then the associated row where both these thresholds appear in Table 6.2.3.2-1 is disabled.
[…]




	38.211
6.4.1.2.2.1	Precoding and mapping to physical resources if transform precoding is not enabled
[…]
The set of time indices [image: ] defined relative to the start of the PUSCH allocation is defined by


1. set  and 

2. if any symbol in the interval  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.3

-	set 
-	set [image: ] to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS or to the symbol index of the second DM-RS symbol in case of a double-symbol DM-RS

-	repeat from step 2 as long as  is inside the PUSCH allocation

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  is inside the PUSCH allocation
where [image: ] is defined in Table 6.2.3.1-1 and Table 6.2.3.1-2 of [6, TS 38.214].
[…]
6.4.1.2.2.2	Mapping to physical resources if transform precoding is enabled
[…]
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 any symbol in the interval  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.3

-	set 
-	set [image: ] to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol index of the second DM-RS symbol in case of a double-symbol DM-RS

-	repeat from step 2 as long as  is inside the PUSCH allocation

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  is inside the PUSCH allocation

where  is given by the higher-layer parameter timeDensity in PTRS-UplinkConfig if the DCI scheduling the PUSCH is scrambled by C-RNTI or CS-RNTI, or timeDensityURLLC in PTRS-UplinkConfig if the DCI scheduling the PUSCH is scrambled by new-RNTI.
[…]




	6.2.3.2  UE PT-RS transmission procedure when transform precoding is enabled [TS38.214]
[…]
When transform precoding is enabled and if a UE is configured with the higher layer parameter dft-S-OFDM in PTRS-UplinkConfig ,
-	the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than NRB0 if NRB0 > 1 or if the RNTI equals TC-RNTI.
-	and the UE may be configured PT-RS time density. UE assumes LPT-RS = 2 if timeDensityTransformPrecoding is provided; otherwise, the UE shall assume LPT-RS = 1.
[…]



	6.4.1.1.1.1                  Sequence generation when transform precoding is disabled
If transform precoding for PUSCH is not enabled, the sequence [image: ] shall be generated according to
[image: ].
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
[image: ]
where [image: ] is the OFDM symbol number within the slot, [image: ] is the slot number within a frame, and
-     [image: ]are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by PDCCH using DCI format 0_1 with the CRC scrambled by C-RNTI or in the cg-DMRS-configuration IE if provided and the PUSCH is the uplink transmission without grant according to [TS38.214 Section 6.1.2.3];
-     [image: ]is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by using DCI format 0_0 with the CRC scrambled by C-RNTI or in the cg-DMRS-configuration IE if provided and the PUSCH is the uplink transmission without grant according to [TS38.214 Section 6.1.2.3];
-     [image: ]otherwise. 
The quantity  is indicated by the DM-RS initialization field, if present, in the DCI associated with the PUSCH transmission if DCI format 0_1 in [4, TS 38.212] is used or is configured by dmrs-SeqInitialization in the ConfiguredGrantConfig for the uplink transmission without grant according to [TS38.214 Section 6.1.2.3], otherwise .



	6.4.1.1.1.2                  Sequence generation when transform precoding is enabled
If transform precoding for PUSCH is enabled, the reference-signal sequence [image: ] shall be generated according to
[image: ]
where [image: ] is given by clause 5.2.2 with [image: ] and [image: ] for a PUSCH transmission dynamically scheduled by DCI.
The sequence group [image: cid:image032.png@01D4300D.ABB06800], where [image: cid:image034.png@01D4300D.ABB06800] is given by
-     [image: cid:image036.png@01D4300D.ABB06800]if [image: cid:image038.png@01D4300D.ABB06800] is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE for the PUSCH scheduled by a DCI, or in the cg-DMRS-Configuration for the uplink transmission without grant according to [TS38.214 Section 6.1.2.3], and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].
-      otherwise



	5.1.6.2  DM-RS reception procedure
[…]
A UE may assume that the DM-RS ports configured with higher layer parameter [-dmrs-group1] or [dmrs-group2] are QCL (as defined in Subclause 4.3.1 of [4, TS 38.211]) with respect to {average gain and QCL-TypeA' and QCL-TypeD'}
[…]
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Appendix
Table 5.1.3.1-1: MCS index table 1 for PDSCH
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


Table 5.1.3.1-2: MCS index table 2 for PDSCH
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	reserved

	30
	6
	reserved

	31
	8
	reserved


Table 5.1.3.1-3: MCS index table 3 for PDSCH
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	30
	0.0586

	1
	2
	40
	0.0781

	2
	2
	50
	0.0977

	3
	2
	64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	 0.2344

	7
	2
	157
	 0.3066

	8
	2
	193
	 0.3770

	9
	2
	251
	 0.4902

	10
	2
	308
	 0.6016

	11
	2
	379
	 0.7402

	12
	2
	449
	 0.8770

	13
	2
	526
	 1.0273

	14
	2
	602
	 1.1758

	15
	4
	340
	 1.3281

	16
	4
	378
	 1.4766

	17
	4
	434
	 1.6953

	18
	4
	490
	 1.9141

	19
	4
	553
	 2.1602

	20
	4
	616
	 2.4063

	21
	6
	438
	 2.5664

	22
	6
	466
	 2.7305

	23
	6
	517
	 3.0293

	24
	6
	567
	 3.3223

	25
	6
	616
	 3.6094

	26
	6
	666
	 3.9023

	27
	6
	719
	 4.2129

	28
	6
	772
	 4.5234

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved
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