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Discussion and Decision
1
Introduction
During RAN1 #92bis, we have made the following agreements and working assumption. 
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.

Agreement
· For the following case, the field of PTRS-DMRS association is 0 bit for both codebook based UL transmission and non-codebook based UL transmission
· High layer parameter maxRank is configured as 1. 
· Update the following Table 7.3.1.1.2-26 for PTRS-DMRS association for UL PTRS ports 0 and 1, UL-PTRS-ports = 2
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port transmitting layers corresponding to SRS port 0 and 2, the 1st DMRS port which shares PTRS port 0
	0
	1st DMRS port transmitting layers corresponding to SRS port 1 and 3, 1st DMRS port  which shares PTRS port 1

	1
	2nd DMRS port transmitting layers corresponding to SRS port 0 and 2, 2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port transmitting layers corresponding to SRS port 1 and 3, 2nd DMRS port which shares PTRS port 1


Agreement
Agree on the following text proposal TS 38.211 v15.0.0 Section 6.4.1.2.1.2 to implement the previous agreement by changing m’ in the exponential to m:

< Unchanged parts are omitted >

 If transform precoding is enabled, the phase-tracking reference signal 
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< Unchanged parts are omitted >

However, we have several open items remained. 

1. Possible value for PT-RS density thresholds (scheduled BW)
2. The spec text describing PT-RS procedures in 38.214 (working assumption was made last meeting)

3. DL PT-RS power boosting (if needed) 

4. UL PT-RS power boosting for non-codebook based UL

5. Density in case of UCI on PUSCH without UL-SCH

In this contribution, we provided the comments and corrections on PT-RS design in the endoesed TS38.211[1] and TS38.214[2].

2
Signaling of BW threshold for PT-RS frequency density 
During RAN1 92 meeting, we have discussed on whether/how to compress the values of the PT-RS frequency density threshouls in table 5.1.6.3-2, table 6.2.3-2 and table 6.2.3.2-1 in TS38.214.

However, current TS38.331 has already implemented the threshold as below, and we can simply agree with their implementation [4]. 
PTRS-UplinkConfig ::= 




SEQUENCE { 


modeSpecificParameters




CHOICE {



-- Configuration of UL PTRS for CP-OFDM



cp-OFDM








SEQUENCE {




-- Presence and  frequency density of UL PT-RS for CP-OFDM waveform as a function of scheduled BW 




-- If the field is absent, the UE uses K_PT-RS = 2.




-- Corresponds to L1 parameter 'UL-PTRS-frequency-density-table' (see 38.214, section 6.1)




frequencyDensity





SEQUENCE (SIZE (2)) OF INTEGER (1..276)

OPTIONAL,
-- Need S




-- Presence and time density of UL PT-RS for CP-OFDM waveform as a function of MCS 





-- If the field is absent, the UE uses L_PT-RS = 1.




-- Corresponds to L1 parameter 'UL-PTRS-time-density-table' (see 38.214, section 6.1)




timeDensity






SEQUENCE (SIZE (3)) OF INTEGER (0..29)

OPTIONAL, 
-- Need S




-- The maximum number of UL PTRS ports for CP-OFDM. 




-- Corresponds to L1 parameter 'UL-PTRS-ports' (see 38.214, section 6.2.3.1)

< remaining parts are omitted>



},



-- Configuration of UL PTRS for DFT-S-OFDM. 



dft-S-OFDM







SEQUENCE {




-- Sample density of PT-RS for DFT-s-OFDM, pre-DFT, indicating a set of thresholds T={NRBn,n=0,1,2,3,4},




-- that indicates dependency between presence of PT-RS and scheduled BW and the values of X and K the UE should 




-- use depending on the scheduled BW according to the table in 38.214 FFS_Section. 




-- Corresponds to L1 parameter 'UL-PTRS-pre-DFT-density' (see 38.214, section 6.1, 6.2.3-3)




sampleDensity





SEQUENCE (SIZE (5)) OF INTEGER (1..276),




-- Time density (OFDM symbol level) of PT-RS for DFT-s-OFDM. If the value is absent, the UE applies value d1.




-- Corresponds to L1 parameter 'UL-PTRS-time-density-transform-precoding' (see 38.214, section 6.1)




timeDensity






ENUMERATED {d2}






OPTIONAL
-- Need S


}


}



















OPTIONAL,
-- Cond M


...

}

-- TAG-PTRS-UPLINKCONFIG-STOP

-- ASN1STOP

Proposal 1: No optimization is required for PT-RS threshold table.

3
Default PT-RS densities and conditions
The second issue is to confirm the following working assumption we have made in RAN1 #92 meeting. 
Working Assumption
The following text proposal is agreed.
>>>>>>>>>>>> Start text proposal Section 5.1.6.3 of TS38.214>>>>>>>>>>>>
If a UE is configured with the higher layer parameter Downlink-PTRS-Config, set to 'ON',

-
if either or both of the additional higher layer parameters timeDensity and frequencyDensity are both 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 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.

-
otherwise, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2 and 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
>>>>>>>>>>>> End text proposal Section 5.1.6.3 >>>>>>>>>>>>
Though we agree on the principle, there is one ambiguity on the operation when PDSCH/PUSCH scheduled by DCI format 0_0/1_0 or RAR . In addition, to confirm the working assumption, it should be guaranteed the full synchronization of RRC parameters between UE and gNB when fallback DCI is used. In addition, in case of UL, if stand-alone NR UE has been introduced, PTRS density should be different for NSA and SA UE when UEs are performing random access procedeure related to msg3/msg4. 
Thus, for clearing the operational ambiguity and complexity, it is recommended that the default PT-RS density is used when scheduled by fallback DCI or RAR instead of RNTI  
Proposal 2: For PDSCH/PUSCH scheduled by fallback DCI or RAR, the default PT-RS density shall be used. 

  Adopt the following text proposal.

>>>>>>>>>>>> Start text proposal Section 5.1.6.3 of TS38.214>>>>>>>>>>>>
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 the PDSCH is scheduled by DCI format 1_0, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2 and
-
if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and the PDSCH is scheduled by DCI format 1_1, 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, 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.
>>>>>>>>>>>> End text proposal Section 5.1.6.3 >>>>>>>>>>>>
>>>>>>>>>>>> Start text proposal Section 6.2.3 of TS38.214>>>>>>>>>>>>
6.2.3
UE PT-RS transmission procedure

If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE shall not transmit PT-RS.

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 by DCI format 0_1, 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 a PUSCH is scheduled by DCI format 0_0 or RAR, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2.
< Unchanged parts are omitted >
>>>>>>>>>>>> End text proposal Section 6.2.3 >>>>>>>>>>>>
4
PT-RS density with reserved MCS in case of UCI only PUSCH

There is one open issue on the PT-RS time domain density when “reserved MCS” is scheduled to indicate the PUSCH without UL-SCH. In this case, we can consisder two possible options. The first option is to use the default pattern of L=1 or 2 always. Another option is to assume as below.

If an UE is scheduled with reserved MCS, the UE shall assume the scheduled MCS as shown in the table below

Table 1. UE assumption for determining PTRS time density when reserved MCS is scheduled

	MCS index table 1 (Table 5.1.3.1-1)
	MCS index table 2 (Table 5.1.3.1-2)
	MCS index table for transform precoding (Tale 6.1.4.1-1)

	IMCS
	MCS for PT-RS time-density determination
	IMCS
	MCS for PT-RS time-density determination
	IMCS
	MCS for PT-RS time-density determination

	29
	9
	28
	4
	28
	1

	30
	16
	29
	10
	29
	9

	31
	28
	30
	19
	30
	16

	
	
	31
	27
	31
	27


We prefer most robust density for the modulation scheme to be used. 
Proposal 3: When reserved MCS to indicate PUSCH without UL-SCH,

· UE shall use the most robust PT-RS density of the corresponding modulation order

· The UE shall use the MCS for PT-RS time-density determination as shown in the below table

=================  Text proposal for section 6.2.3.1of TS38.214 ====================

When a UE is scheduled to transmit PUSCH without UL-SCH with IMCS > V, where V = 28 for MCS table 1 and V = 27 for MCS table 2, respectively, the MCS for PT-RS time-density determination is obtained from the table 6.2.3.1-X. 
Table 6.2.3.1-X. MCS for PT-RS time-density determination when reserved MCS is scheduled

	MCS index table 1 (Table 5.1.3.1-1)
	MCS index table 2 (Table 5.1.3.1-2)

	IMCS
	MCS for PT-RS time-density determination
	IMCS
	MCS for PT-RS time-density determination

	29
	9
	28
	4

	30
	16
	29
	10

	31
	28
	30
	19

	
	
	31
	27


=================  Text proposal for section 6.2.3.1of TS38.214 ====================

And, the text on reserved MCS for reteransmission was not implemented when transform precoding is appled. 

=================  Text proposal for section 6.2.3.2of TS38.214 ====================

When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with IMCS > 27, 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. 

When a UE is scheduled to transmit PUSCH without UL-SCH with IMCS > 27, the MCS for PT-RS time-density determination is obtained from the table 6.2.3.1-Y. 
Table 6.2.3.1-Y. MCS for PT-RS time-density determination when reserved MCS is scheduled

	IMCS
	MCS for PT-RS time-density determination

	28
	1

	29
	9

	30
	16

	31
	27


=================  Text proposal for section 6.2.3.1of TS38.214 ====================

 “Reserved MCS” has two usecases now, and there is another possibility to be used for other usage. And, there is also some complexity from the ambiguity to apply different schemes for “reserved MCS”.  Therefore, in order to clear the ambiguity of UL PTRS density determination, it is recommended to use the same methodology for different usecase. 
Proposal 4: consider to use the same PTRS density dertermination when reserved MCS is scheduled. 




Adopt the following text proposal for “PT-RS density determination with “reaserved MCS”

=================  Text proposal for section 6.2.3.1of TS38.214 ====================

When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with IMCS > V, where V = 28 for MCS table 1 and V = 27 for MCS table 2, respectively, the MCS for 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. 

When a UE is scheduled to transmit PUSCH without UL-SCH with IMCS > V, where V = 28 for MCS table 1 and V = 27 for MCS table 2, respectively, the MCS for PT-RS time-density determination is obtained from the table 6.2.3.1-X. 
Table 6.2.3.1-X. MCS for PT-RS time-density determination when reserved MCS is scheduled

	MCS index table 1 (Table 5.1.3.1-1)
	MCS index table 2 (Table 5.1.3.1-2)

	IMCS
	MCS for PT-RS time-density determination
	IMCS
	MCS for PT-RS time-density determination

	29
	9
	28
	4

	30
	16
	29
	10

	31
	28
	30
	19

	
	
	31
	27


=================  Text proposal for section 6.2.3.1of TS38.214 ====================

=================  Text proposal for section 6.2.3.2of TS38.214 ====================

When a UE is scheduled to transmit PUSCH without UL-SCH with IMCS > 27, the MCS for PT-RS time-density determination is obtained from the table 6.2.3.1-Y. 
Table 6.2.3.1-Y. MCS for PT-RS time-density determination when reserved MCS is scheduled

	IMCS
	MCS for PT-RS time-density determination

	28
	1

	29
	9

	30
	16

	31
	27


=================  Text proposal for section 6.2.3.1of TS38.214 ====================

5
Summary

Proposal 1: No optimization is required for PT-RS threshold table.

Proposal 2: For PDSCH/PUSCH scheduled by fallback DCI or RAR, the default PT-RS density shall be used. 

  Adopt the following text proposal.

Proposal 3: When reserved MCS to indicate PUSCH without UL-SCH,

· UE shall use the most robust PT-RS density of the corresponding modulation order

· The UE shall use the MCS for PT-RS time-density determination as shown in the below table
UE assumption for MCS reference to determine PTRS time density when reserved MCS is scheduled

	MCS index table 1 (Table 5.1.3.1-1)
	MCS index table 2 (Table 5.1.3.1-2)
	MCS index table for transform precoding (Tale 6.1.4.1-1)

	IMCS
	MCS for PT-RS time-density determination
	IMCS
	MCS for PT-RS time-density determination
	IMCS
	MCS for PT-RS time-density determination

	29
	9
	28
	4
	28
	1

	30
	16
	29
	10
	29
	9

	31
	28
	30
	19
	30
	16

	
	
	31
	27
	31
	27


Proposal 4: consider to use the same PTRS density dertermination when reserved MCS is scheduled. 




Adopt the following text proposal for “PT-RS density determination with “reaserved MCS”
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