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Introduction
The following agreements on PT-RS have been achieved so far:
	Working assumption: [RAN#92bis]
Support variable time density LPT-RS for UCI-only PUSCH where information (e.g. MCS) in DCI is used to determine LPT-RS.




	Agreement [RAN1#92]
For codebook based UL transmission, the following table is used for UL PTRS power boosting
	UL-PTRS-power/
	Full coherent
	Partial coherent
	Non-coherent

	
	

	

	


	
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4

	00
	0
	3
	4.77
	6
	0
	Q
	Q
	Q+3
	0
	Q
	Q
	Q

	01
	0
	3
	4.77
	6
	0
	3
	4.77
	6
	0
	3
	4.77
	6

	10
	reserved
	reserved
	reserved

	11
	reserved
	reserved
	reserved


Q=0 for 1 PT-RS port case, Q=3 for 2 PT-RS port case. 
Note: If two PT-RS ports are configured, their EPREs are the same.



	Agreements: [91-NR-13]
· As UE capability, at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, UE shall report the preferred MCS/BW thresholds based on its phase noise characteristics, assuming the MCS table with the maximum ModOrder as it reported to support
·  (working assumption) Before RRC configuration, PTRS is not used



The following agreement on UCI on PUSCH has been made:
	Agreements: [RAN1#92]
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signalled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signalled.



[bookmark: _GoBack]This document discusses following remaining issues on PT-RS.
· PT-RS presence before RRC configuration
· Presence of PT-RS for PDSCH/PUSCH scheduled by DCI format 1_0/0_0
· Possible value for PT-RS frequency density thresholds
· PT-RS time density for UCI on PUSCH without UL-SCH
· TP on 38.214 for UL PT-RS power boosting


Discussion
PT-RS presence before RRC configuration
This part is the resubmission of 2.1 in [1].

In the email discussion [91-NR-13], PT-RS presence before RRC configuration was discussed and the conclusion was “before RRC configuration, PTRS is not used” as a working assumption. Although it has been already captured in the draft TS 38.214 after RAN1#92bis [2], we propose to confirm this working assumption for the reasons below.

- CPE correction by PT-RS is not required for the data transmission before RRC configuration. 
Before RRC configuration, only conservative MCS such as QPSK are used as the channel states are not known. According to the evaluation results [3], PT-RS overhead is dominant over the gain of CPE correction for QPSK. Therefore, PT-RS is not required from CPE perspective. 

- CFO estimation before RRC configuration does not require PT-RS. 
For slot based case and non-slot with 7 symbols case, front-loaded and additional DMRS can be configured before RRC configuration, then complementary PT-RS for CFO estimation is not needed even for high CFO case. For non-slot with 2/4 symbols case, only front-loaded DMRS is configured. But time-spacing between DMRS is similar to the slot based case with additional DMRS, then CFO doesn’t seem to have a significant effect. Also, gNB can configure the slot with 14 symbols with additional DMRS instead of non-slot with 2/4 symbols for the cells to support high mobility UEs.

Based on above CPE and CFO discussion, we propose following.

[bookmark: beforeRRC]Proposal 1:		Confirm the following working assumption: Before RRC configuration, PTRS is not used.


Presence of PT-RS for PDSCH/PUSCH scheduled by DCI format 1_0/0_0
In RAN1#92bis, whether to restrict PTRS to be present or the use of the configured PTRS table when scheduled by DCI formats 1_0 and 0_0 is discussed.

Our view is, this issue with DCI format 1_0/0_0 is not specific to PT-RS only but also related to DMRS. Then it is natural that PT-RS rule follows the DMRS one. According to [2], the mapping rule for DL/UL DMRS with PDSCH/PUSCH scheduled by DCI format 1_0/0_0 is same as the one with PDSCH/PUSCH before RRC configuration. Therefore, PT-RS mapping rule for PDSCH/PUSCH scheduled by DCI format 1_0/0_0 should be the same as the one before RRC configuration, i.e. no PT-RS transmission. For the transmission with DCI 1_0/0_0, gNB would schedule the lower MCS and/or shorter symbol length (for mini-slot case), then CPE/CFO correction using PT-RS is not necessary.

Based on the discussion above, we propose following.

[bookmark: prop_fallback]Proposal 2:	For PDSCH/PUSCH transmission scheduled by DCI format 1_0/0_0, the PT-RS presence is same as before RRC configuration i.e. PT-RS is not used.


Possible value for PT-RS frequency density thresholds
It was agreed that UE should report the preferred threshold of PT-RS density in the email discussion [91-NR-13]. For example of DFT-S-OFDM PT-RS, there are 5 thresholds of allocated BW (NRBn, n=0..4) which is expressed in the number of the allocated RBs. In the case of CP-OFDM, there are 2 thresholds.

Table 6.2.3.2-1: PT-RS group pattern as a function of scheduled bandwidth [2]
(transform precoding enabled)
	Scheduled bandwidth
	Number of PT-RS groups
	Number of samples 
per PT-RS group

	
NRB0 NRB < NRB1
	2
	2

	
NRB1  NRB < NRB2
	2
	4

	
NRB2  NRB < NRB3
	4
	2

	
NRB3  NRB < NRB4
	4
	4

	
NRB4  NRB
	8
	4



Table 6.2.3.1-2: Frequency density of PT-RS as a function of scheduled bandwidth [2]
(transform precoding not enabled)
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
 NRB1  NRB 
	4



In addition, the value range for allocated BW thresholds is agreed to be {1..276}. The issue is, if lossless indication is employed, it requires 9 bits to indicate each threshold. Then totally, 45 bits and 18 bits for DFT-S-OFDM and CP-OFDM are required, respectively. In order to reduce the RRC overhead, the several solutions have been proposed by the companies so far [4].

We propose not to introduce any compression mechanism on this in Rel.15. The bitwidth of the related RRC parameters has been already settled. Therefore to reduce it has RAN2 impact. In addition, RRC overhead is not a so severe issue. Rather than that, to finalize Rel.15 should be prioritized.

Base on the discussion above, we propose following.

[bookmark: prop_UE_report]Proposal 3:		In Rel.15, no compression mechanism of RRC overhead should be supported for UE report of preferred thresholds for PT-RS frequency density, i.e. the thresholds are reported in raw values.


PT-RS time density for UCI on PUSCH without UL-SCH
Table 6.2.3.1-1: Time density of PT-RS as a function of scheduled MCS [2]
	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



In the previous meetings, how to determine PT-RS time density, LPT-RS, for UCI on PUSCH without UL-SCH was discussed. For this PUSCH, lower and higher MCS could be scheduled. Therefore, LPT-RS should also be variable depending on the scheduled MCS. We propose to confirm the following working assumption.

[bookmark: prop_time_den]Proposal 4:	Confirm the 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.

In UL control session, how to trigger UCI on PUSCH without UL-SCH is not concluded yet.

In our companion contribution on UCI multiplexing [5], we propose that it should be triggered by the additional one bit in DCI (without the reserved IMCS) and the non-reserved IMCS should be indicated in order to determine the modulation order and code rate for UCI transmission. If this is supported, LPT-RS can be determined using this non-reserved IMCS.

However, if it is triggered by the reserved IMCS only without the non-reserved IMCS, this reserved one cannot be directly used in the table of LPT-RS. It should be translated into the highest indexed non-reserved IMCS with the same modulation order as the indicated IMCS. And then, the translated IMCS can be used for the LPT-RS decision.

Based on the discussion above, we propose following.
[bookmark: prop_time_den2]Proposal 5:	
· If the non-reserved IMCS is used for UCI-only PUSCH, LPT-RS is determined using this IMCS
· If the reserved IMCS is used for UCI-only PUSCH, IMCS should be translated into the highest indexed non-reserved IMCS with the same modulation order as the indicated IMCS, and then the translated IMCS should be used for the LPT-RS decision. 


TP on 38.214 for UL PT-RS power boosting
Draft specification on PT-RS power boosting for codebook based UL [2]:
	
For PT-RS, the transmit power of PT-RS is derived from , which is the power ratio between power of PUSCH and power of PT-RS per port.

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







-	If the UE is configured with higher layer parameter ptrs-PowerUL-PTRS-power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3 according to the higher layer parameter ptrs-PowerUL-PTRS-power, the PT-RS scaling factor  specified in subclause 7.4.1.2.26.4.1.2.2.1 of [4, TS 38.211] is given by  and also on the TPMI field in DCIULCodebookSubset according to [7, TS 38.212].
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig UL-PTRS-power is set to state "00" in Table 6.2.3.1-3 if not configured.
· 
Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent
	Full coherent
	Partial and non- coherent
	Full coherent
	Partial coherent
	Non-coherent

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

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved


 



In draft [2], PT-RS power boosting for codebook based UL only has been specified. For non-codebook based UL also, it should be RRC configurable to enable/disable power boosting. Therefore, the same rule and table as non-coherent codebook based UL should be applied.

Additionally, which TPMI is associated with each coherent type is not clear. It should be clarified with the additional table 6.2.3.1-X below.

Based on the discussion above, the following modification below is needed.

TP1:	The text in {38.214, section 6.2.3.1 UE PT-RS transmission procedure when transform precoding is not enabled}

	<unchanged parts omitted>

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

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





-	If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3 according to the higher layer parameter ptrs-Power, the PT-RS scaling factor  specified in subclause 6.4.1.2.2.1 of [4, TS 38.211] is given by  and also on the TPMI field in DCI based on the table 6.2.3.1-X.
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig  is set to state "00" in Table 6.2.3.1-3 if not configured.
· 
Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

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

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

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved



Table 6.2.3.1-X: Classification of TPMI index based on the coherent type with transform precoding disabled.
	
	Classification per TPMI index

	Transmission case
	Non-coherent
	Partial Coherent
	Full coherent

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

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

	2 layers, 2 antenna ports
	0
	-
	1,2

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

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

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



<unchanged parts omitted>
	




Conclusion
For PT-RS presence before RRC configuration, we propose following.
Proposal 1:		Confirm the following working assumption: Before RRC configuration, PTRS is not used.

For presence of PT-RS for PDSCH/PUSCH scheduled by DCI format 1_0/0_0
Proposal 2:	For PDSCH/PUSCH transmission scheduled by DCI format 1_0/0_0, the PT-RS presence is same as before RRC configuration i.e. PT-RS is not used.

For PT-RS frequency thresholds report, we propose following.
Proposal 3:		In Rel.15, no compression mechanism of RRC overhead should be supported for UE report of preferred thresholds for PT-RS frequency density, i.e. the thresholds are reported in raw values.

For PT-RS time density for UCI on PUSCH without UL-SCH, we propose following.
Proposal 4:	Confirm the 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.
Proposal 5:	
· If the non-reserved IMCS is used for UCI-only PUSCH, LPT-RS is determined using this IMCS
· If the reserved IMCS is used for UCI-only PUSCH, IMCS should be translated into the highest indexed non-reserved IMCS with the same modulation order as the indicated IMCS, and then the translated IMCS should be used for the LPT-RS decision. 

For UL PT-RS power boosting, the text modification based on the TP1 above is needed.
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