[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #94		  	   R1-1809146
Gothenburg, Sweden, August 20th – 24th, 2018

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Maintenance for URLLC
[bookmark: Source]Agenda Item:	7.1.6
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In the RAN1 #93 meeting, following agreements were made: 
	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. 
· For both initial transmission and re-transmissions for GF scheduling for URLLC,
· For UL configured grant, the MCS table is configured by the existing parameter associated with the RRC configured grant configuration, which is extended to include the new 64QAM MCS table.
· For DL SPS, RRC indicates whether or not the new 64QAM table is configured. The indication for the new MCS table for DL SPS is separate from the one for grant-based DL scheduling.



In this contribution, we discuss the physical layer impacts of the new RNTI for URLLC and the new 64QAM MCS table. 
Before technical details, we would like to emphasize that the term “new RNTI” is a tentative one, and should be corrected before it becomes stabled. The “new RNTI” will not be new from Rel.16 and onwards.
2. Impacts of new RNTI on Physical layer
It is noted that in RAN2 NR-AH1807 meeting, the impact of new RNTI to MAC specification was discussed and following agreements were made: 
	Agreements
· RAN2 assumes that the “new RNTI” is equivalent to C-RNTI w.r.t. MAC functionality.
· The details of when the new RNTI is monitored is not specified in MAC, except that RAN2 assumes that DRX active time applies also to the new RNTI as for C-RNTI. No need to make exception in MAC. 
· From MAC point of view the new RNTI can be used for MSG2 reception for CF BFR. No need to make exception.
· FFS if the new RNTI can be used in C-RNTI MAC CE.
· The new RNTI is applicable to Contention Resolution for CBRA, when configured. No need to make exception. 



Therefore, all RAN1 specifications need to be checked carefully to add the “new-RNTI”. Following is the brief summary where the new-RNTI is overlooked. 
2.1. Spec. 211
· PUSCH and PDSCH data scrambling (Subclause 6.3.1.1 and 7.3.1.1):
A UE configured with new-RNTI is always also configured with C-RNTI, so just using C-RNTI would be simpler. However, when looking at TS 38.211 Section 6.3.1.1 and Section 7.3.1.1, the data scrambling is already dynamically selected from C-RNTI and CS-RNTI if a UE is configured with CS-RNTI. Therefore, it is natural to specify that if the data is scheduled by DCI with new-RNTI, the data CRC scrambling is also based on the new-RNTI. 
	[bookmark: _Toc516767277]6.3.1.1	Scrambling
[…]

where x and y are tags defined in [4, TS 38.212] and where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 


where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured and the RNTI equals the C-RNTI or CS-RNTI or new-RNTI, and the transmission is not scheduled using DCI format 0_0 in a common search space,

-	 otherwise
and where [image: ] corresponds to the RNTI associated with the PUSCH transmission as described in clause 6.1 of [6, TS 38.214].



	[bookmark: _Toc516767343]7.3.1.1	Scrambling
[…]

where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with


where

-	 equals the higher-layer parameter dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI or CS-RNTI or new-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space,

-	 otherwise
and where [image: ] corresponds to the RNTI associated with the PDSCH transmission as described in clause 5.1 of [6, TS 38.214].



· Mapping to physical resources of PT-RS for PUSCH and PDSCH (Subclause 6.4.1.2.2.1 and 7.4.1.2.2)
	[bookmark: _Toc516767318]6.4.1.2.2	Mapping to physical resources
[bookmark: _Toc516767319]6.4.1.2.2.1	Precoding and mapping to physical resources if transform precoding is not enabled
[…]


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: ]
-	[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 resourceElementOffset in PTRS-UplinkConfig is not configured, the column corresponding to '00' shall be used.

-	is the RNTI associated with the DCI scheduling the transmission using C-RNTI, SP-CSI-RNTI, or the CS-RNTI, or new-RNTI in case of dynamic scheduling, and CS-RNTI in case of scheduling using configured grant type 1

-	 is the number of resource blocks scheduled
-	 is given by [6, TS 38.214].



· Sequence generation of DM-RS for PUSCH and PDSCH (Subclause 6.4.1.1.1.1 and 7.4.1.1.1)
When looking at TS38.211 Section 6.4.1.1.1.1 and Section 7.4.1.1.1, the behavior is not aligned between downlink and uplink. For DL, UE-specific sequence generation if the PDSCH is scheduled by DCI 1_1 or by DCI 1_0 with C-RNTI or CS-RNTI, otherwise Cell-specific sequence generation is used. While for UL, UE-specific sequence generation if the PUSCH is scheduled by DCI 0_1 or by DCI 0_0 with C-RNTI, while if it is scheduled by DCI 0_0 with other RNTI, Cell-specific sequence generation. It is better to unify the RNTI usage between the DL and UL [1], and it is still natural to specify that the sequence generation for DMRS also depends on DCI with the CRC scrambled by new-RNTI.   

	6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

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




where  is the OFDM symbol number within the slot,  is the slot number within a frame, and

-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1;

-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI or new-RNTI;

-	 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, otherwise .



	[bookmark: _Toc510519399]7.4.1.1.1	Sequence generation
The UE shall assume the sequence [image: ] is defined by
[image: ].
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
[image: ][image: ]
where [image: ] is the OFDM symbol number within the slot, [image: ] is the slot number within a frame, and

-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 with the CRC scrambled by C-RNTI or CS-RNTI or new-RNTI;

-	 is given by the higher-layer parameter scramblingID0 in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI or CS-RNTI or new-RNTI;
-	[image: ] otherwise;
The quantity  is given by the DM-RS sequence initialization field, if present, in the DCI associated with the PDSCH transmission if DCI format 1_1 in [4, TS 38.212] is used, otherwise .



· PDCCH scrambling (Subclause 7.3.2.3):
For PDCCH in UE-SS and if pdcch-DMRS-ScramblingID is configured, C-RNTI is used; otherwise RNTI is not used, no matter whether the UE is configured with CS-RNTI. Therefore, same behavior can be kept no matter whether the UE is configured with the new-RNTI.  
	[bookmark: _Toc516767352]7.3.2.3	Scrambling



The UE shall assume the block of bits , where  is the number of bits transmitted on the physical channel, is scrambled prior to modulation, resulting in a block of scrambled bits  according to



where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with
	[image: ]
where
-	for a UE-specific search space as defined in clause 10 of [5, TS 38.213], [image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID if configured,

-	 otherwise
and where 
-	[image: ] is given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter pdcch-DMRS-ScramblingID is configured, and
-	[image: ] otherwise.



· PUCCH format 2 and PUCCH formats 3 and 4 scrambling (Subclause 6.3.2.5.1 and 6.3.2.6.1) 
If the UCI payload size is more than 11, Polar code is used with CRC attachment. The CRC is scrambled by “corresponding RNTI”, according to TS38.212 Subclause 7.3.2. When checking the specification of 38.211, there is no definition about the nRNTI. Given that current spec. allows the UCI payloads include the HARQ-ACK for data scheduled by C-RNTI and HARQ-ACK for data scheduled by CS-RNTI, and a UE configured with CS-RNTI is always configured with C-RNTI, hence just using C-RNTI would be simpler. Same thing can be applied to data scheduled with DCI scrambled by new-RNTI, that is whatever the data is scheduled with DCI with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI, the CRC for PUCCH format 2/3/4 is scrambled by C-RNTI. 
	[bookmark: _Toc516767296]6.3.2.5.1	Scrambling



The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to



where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 


where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,

-	 otherwise
-	[image: ] is given by the C-RNTI



	[bookmark: _Toc516767300]6.3.2.6.1	Scrambling



The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to



where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 


where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,

-	 otherwise
-	[image: ] is given by the C-RNTI



2.2. Spec. 213 
· subclause 6: link recovery procedures
For BFR, UE can consider the BFR is successful when the UE detects a DCI format with CRC scrambled by C-RNTI. However, if a UE is configured with new-RNTI and the MCS table 3, it is possible to use new-RNTI, instead of C-RNTI, as for BFR response. The necessary text is quite marginal for this.
	6	Link recovery procedures
[…]
For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or a new-RNTI starting from slot [image: ] within a window configured by higher layer parameter BeamFailureRecoveryConfig.



· subclause 9.1 HARQ-ACK codebook determination
For a DL assignment with new-RNTI, HARQ-ACK should be reported. Hence, following changes are necessary.
	[bookmark: _Toc517265053]9.1	HARQ-ACK codebook determination
[…]
In the following, the CRC for DCI format 1_0 is scrambled with a C-RNTI or a CS-RNTI or a new RNTI and the CRC for DCI format 1_1 is scrambled with a C-RNTI or a CS-RNTI or a new-RNTI.



· Subclause 10.1: UE procedure for determining physical downlink control channel assignment
For UE-specific search space monitoring, new-RNTI should be included.
	[bookmark: _Toc517265072][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
[…]
-	a UE-specific search space set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, or CS-RNTI(s) or a new RNTI.
[…]
If a UE is provided one or more search space sets by corresponding one or more higher layer parameters searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and the UE is provided with a C-RNTI or a CS-RNTI, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with the C-RNTI or the CS-RNTI or the new RNTI in the one or more search space sets.
[…]
For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with [image: ] search space sets where, for each search space set from the [image: ] search space sets, the UE is provided the following by higher layer parameter SearchSpace: 
[…]

-	if search space set  is a common search space set, 
-	an indication by higher layer parameter dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by a C-RNTI or a new RNTI or a CS-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI;



2.3. Spec. 214 
· Generally, we see following subclauses need to be updated to include the new-RNTI:
	5.1	UE procedure for receiving the physical downlink shared channel
[…]
 The UE is not expected to decode a PDSCH scheduled in the primary cell with C-RNTI or new-RNTI and another PDSCH scheduled in the primary cell with CS-RNTI if the PDSCHs partially or fully overlap in time.
The UE is not expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI or new-RNTI if another PDSCH in the same cell scheduled with RA-RNTI partially or fully overlap in time.
The UE in RRC Idle mode shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.
On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI or CS-RNTI or new-RNTI and during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs. 
On a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI or new-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time in non-overlapping PRBs. 
The UE is expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI or new-RNTI during a process of autonomous SI acquisition.
If the UE is configured by higher layers to decode a PDCCH with its CRC scrambled by a CS-RNTI, the UE shall receive PDSCH transmissions without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration for those PDSCHs.
[…]



	5.1.2.1.1	Determination of the resource allocation table to be used for PDSCH
 […]
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-AllocationList
	pdsch-Config includes pdsch-AllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	
	Type0A common
	
	
	
	

	
	
	
	
	
	

	RA-RNTI, TC-RNTI, 
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	P-RNTI
	Type2 common
	
	
	
	

	
	
	
	
	
	

	C-RNTI, new-RNTI, CS-RNTI
	Any common search space associated with CORESET#0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	
	
	
	
	
	

	C-RNTI, new-RNTI, CS-RNTI
	Any common search space not associated with CORESET#0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-AllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-AllocationList provided in pdsch-Config






	6.1.2.1.1	Determination of the resource allocation table to be used for PUSCH
[…]
Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation
Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation
	RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [6, TS 38.213]
	No
	-
	Default A

	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, new-RNTI, TC-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, new-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0,

UE specific search space
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config


[…]



	5.1.2.3	Physical resource block (PRB) bundling
[…]
When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI, [image: ]for bandwidth part is equal to 2 PRBs unless configured by the higher layer parameter prb-BundlingType given by PDSCH-Config. 



When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI, if the higher layer parameter prb-BundlingType is set to 'dynamicBundling', the higher layer parameters bundleSizeSet1 and bundleSizeSet2 configure two sets of  values, the first set can take one or two  values among {2, 4, wideband}, and the second set can take one  value among {2, 4, wideband}. 
[…]

When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI, if the higher layer parameter prb-BundlingType is set to 'staticBundling', the  value is configured with the single value indicated by the higher layer parameter bundleSize. 
[…]




	5.1.6.2	DM-RS reception procedure
[…]
When receiving PDSCH scheduled by DCI format 1_1 by PDCCH with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI,



· Subclause 5.1.6.3: PT-RS reception procedure
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.
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.
	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 to a 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.
[…]




3. Impacts of MCS table 3 on Physical layer
In TS38.214 Subclause 6.2.3.1, MCS table 3 is missing.
3.1. Spec. 214 
	6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
[…]
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 MCS table 3, and V = 27 for MCS table 2, respectively, the MCS for PT-RS 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. 
[…]




4. Conclusion
In this contribution, the physical layer impacts of URLLC new 64QAM MCS table and the new RNTI for URLLC new 64QAM MCS table were discussed. Following are the summary:
Proposal 1:
· Adopt following text proposals in 211, 213, and 214.

	6.3.1.1	Scrambling
[…]

where x and y are tags defined in [4, TS 38.212] and where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 


where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured and the RNTI equals the C-RNTI or CS-RNTI or new-RNTI, and the transmission is not scheduled using DCI format 0_0 in a common search space,

-	 otherwise
and where [image: ] corresponds to the RNTI associated with the PUSCH transmission as described in clause 6.1 of [6, TS 38.214].



	7.3.1.1	Scrambling
[…]

where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with


where

-	 equals the higher-layer parameter dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI or CS-RNTI or new-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space,

-	 otherwise
and where [image: ] corresponds to the RNTI associated with the PDSCH transmission as described in clause 5.1 of [6, TS 38.214].



	6.4.1.2.2	Mapping to physical resources
6.4.1.2.2.1	Precoding and mapping to physical resources if transform precoding is not enabled
[…]


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: ]
-	[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 resourceElementOffset in PTRS-UplinkConfig is not configured, the column corresponding to '00' shall be used.

-	is the RNTI associated with the DCI scheduling the transmission using C-RNTI, SP-CSI-RNTI, or the CS-RNTI, or new-RNTI in case of dynamic scheduling, and CS-RNTI in case of scheduling using configured grant type 1

-	 is the number of resource blocks scheduled
-	 is given by [6, TS 38.214].



	6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

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




where  is the OFDM symbol number within the slot,  is the slot number within a frame, and

-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1;

-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI or new-RNTI;

-	 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, otherwise .



	7.4.1.1.1	Sequence generation
The UE shall assume the sequence [image: ] is defined by
[image: ].
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
[image: ][image: ]
where [image: ] is the OFDM symbol number within the slot, [image: ] is the slot number within a frame, and

-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 with the CRC scrambled by C-RNTI or CS-RNTI or new-RNTI;

-	 is given by the higher-layer parameter scramblingID0 in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI or CS-RNTI or new-RNTI;
-	[image: ] otherwise;
The quantity  is given by the DM-RS sequence initialization field, if present, in the DCI associated with the PDSCH transmission if DCI format 1_1 in [4, TS 38.212] is used, otherwise .



	6.3.2.5.1	Scrambling



The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to



where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 


where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,

-	 otherwise
-	[image: ] is given by the C-RNTI



	6.3.2.6.1	Scrambling



The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to



where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 


where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,

-	 otherwise
-	[image: ] is given by the C-RNTI



	6	Link recovery procedures
[…]
For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or a new-RNTI starting from slot [image: ] within a window configured by higher layer parameter BeamFailureRecoveryConfig.



	9.1	HARQ-ACK codebook determination
[…]
In the following, the CRC for DCI format 1_0 is scrambled with a C-RNTI or a CS-RNTI or a new RNTI and the CRC for DCI format 1_1 is scrambled with a C-RNTI or a CS-RNTI or a new-RNTI.



	10.1	UE procedure for determining physical downlink control channel assignment 
[…]
-	a UE-specific search space set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, or CS-RNTI(s) or a new RNTI.
[…]
If a UE is provided one or more search space sets by corresponding one or more higher layer parameters searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and the UE is provided with a C-RNTI or a CS-RNTI, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with the C-RNTI or the CS-RNTI or the new RNTI in the one or more search space sets.
[…]
For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with [image: ] search space sets where, for each search space set from the [image: ] search space sets, the UE is provided the following by higher layer parameter SearchSpace: 
[…]

-	if search space set  is a common search space set, 
-	an indication by higher layer parameter dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by a C-RNTI or a new RNTI or a CS-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI;



	5.1	UE procedure for receiving the physical downlink shared channel
[…]
 The UE is not expected to decode a PDSCH scheduled in the primary cell with C-RNTI or new-RNTI and another PDSCH scheduled in the primary cell with CS-RNTI if the PDSCHs partially or fully overlap in time.
The UE is not expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI or new-RNTI if another PDSCH in the same cell scheduled with RA-RNTI partially or fully overlap in time.
The UE in RRC Idle mode shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.
On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI or CS-RNTI or new-RNTI and during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs. 
On a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI or new-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time in non-overlapping PRBs. 
The UE is expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI or new-RNTI during a process of autonomous SI acquisition.
If the UE is configured by higher layers to decode a PDCCH with its CRC scrambled by a CS-RNTI, the UE shall receive PDSCH transmissions without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration for those PDSCHs.
[…]



	5.1.2.1.1	Determination of the resource allocation table to be used for PDSCH
 […]
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-AllocationList
	pdsch-Config includes pdsch-AllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	
	Type0A common
	
	
	
	

	
	
	
	
	
	

	RA-RNTI, TC-RNTI, 
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	P-RNTI
	Type2 common
	
	
	
	

	
	
	
	
	
	

	C-RNTI, new-RNTI, CS-RNTI
	Any common search space associated with CORESET#0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	
	
	
	
	
	

	C-RNTI, new-RNTI, CS-RNTI
	Any common search space not associated with CORESET#0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-AllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-AllocationList provided in pdsch-Config






	6.1.2.1.1	Determination of the resource allocation table to be used for PUSCH
[…]
Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation
Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation
	RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [6, TS 38.213]
	No
	-
	Default A

	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, new-RNTI, TC-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, new-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0,

UE specific search space
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config


[…]



	5.1.2.3	Physical resource block (PRB) bundling
[…]
When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI, [image: ]for bandwidth part is equal to 2 PRBs unless configured by the higher layer parameter prb-BundlingType given by PDSCH-Config. 



When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI, if the higher layer parameter prb-BundlingType is set to 'dynamicBundling', the higher layer parameters bundleSizeSet1 and bundleSizeSet2 configure two sets of  values, the first set can take one or two  values among {2, 4, wideband}, and the second set can take one  value among {2, 4, wideband}. 
[…]

When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI, if the higher layer parameter prb-BundlingType is set to 'staticBundling', the  value is configured with the single value indicated by the higher layer parameter bundleSize. 
[…]



	5.1.6.2	DM-RS reception procedure
[…]
When receiving PDSCH scheduled by DCI format 1_1 by PDCCH with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI,



	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.
[…]




	6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
[…]
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 MCS table 3, and V = 27 for MCS table 2, respectively, the MCS for PT-RS 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. 
[…]
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