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Introduction
The following agreements on PT-RS have been achieved so far:
	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) For reporting preferred layer for mapping PTRS using layer indicator (LI), support a LI field separate from other CSI, following the encoding rule of wideband PMI
· (working assumption) Before RRC configuration, PTRS is not used
· (working assumption) X={10 for MCS table with up to 64QAM, 5 for MCS table with up to 256QAM, corresponding to switch point between QPSK and 16QAM}, Y=3, X_UL=0, Y_UL=1 (for UL CFO tracking)
· Do not support in spec that UE may assume the layers corresponding to the scheduled DL DMRS ports in one DL DMRS port group are experiencing the same phase variations at gNB side due to phase noise



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 signaled in DCI.
· Resource determinatnion following the same principle as UCI multiplexing on PUSCH with UL-SCH.
· FFS: A periodic CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or trigged implicitly based on a special combination of certain exsing fields in DCI.
· FFS: How modulation and code rate are signaled.



This document discusses following remaining issues on PT-RS.
· PT-RS presence before RRC configuration
· 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 current TS 38.214 [2], whether PT-RS is present before RRC configuration or not is not described. 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. 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.


Possible value for PT-RS frequency density thresholds
It is agreed that UE should report the preferred threshold of PT-RS density. 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



[bookmark: _GoBack]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, these solutions have been proposed by the companies so far [4].

· Alt.1 Uniform sampling grid Tq →{ 1:n:276}, n needs to be defined, e.g. related to RBG 
· Alt.2 Non-uniform sampling grid, i.e. Tq →{ 2^n, n=0..9}
· Alt.3 Non-uniform sampling grid, i.e.,  Tq →{ n^2 where n=1..17}
· Alt.4 Lossless compression, using combinatorial index (i.e. as in LTE EPDCCH set configuration method) to jointly encode  Tq →{1:276}  

We prefer alt.2 with the reasons below.
- Low complexity for calculation is preferred.
Alt.4 can report accurate threshold in relatively low RRC overhead, but it increases the complexity for the calculation.

- Very high granularity for threshold report is not required.
According to [5-7], using the next level density (e.g. KPT-RS: 2 -> 4 in CP-OFDM) does not seem to bring so large performance difference for both CP-OFDM and DFT-S-OFDM. Then coarse report as the alt.1-3 is enough.

- The performance difference would depend on log scale of allocated BW.
The 1 RB change of allocated BW would occur less performance difference when larger BW is allocated. Then alt.2-3 are better than alt.1. In order to reduce RRC overhead, alt.2 is preferred.

Base on the discussion above, we propose following.

[bookmark: prop_UE_report]Proposal 2:		Non-uniform sampling grid Tq →{ 2^n, n=0..9} should be supported for UE report of preferred thresholds for PT-RS frequency density.


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



According to UL control session agreement, for UCI on PUSCH without UL-SCH, the modulation order and code rate are signaled in DCI and the resource determination follows the same principle as UCI multiplexing on PUSCH with UL-SCH. On the other hand, in case of UCI on PUSCH without UL-SCH, the UCI size is known from the other information and the resource size is determined by time/frequency resource assignment. Therefore, the code rate itself signaled in DCI is not used. Therefore, in LTE, MCS field is used as the reserved IMCS=29 is used to trigger A-CSI on PUSCH without UL-SCH. We think how the agreed modulation order and code rate are used (or not used) should be concluded in UL control session.

Although it can be UL control session discussion point, we think following behavior could be possibility.

In UCI on PUSCH without UL-SCH, the modulation order is determined by the non-reserved IMCS indicated by DCI. The UCI is mapped to all available resource indicated by time/frequency resource assignment. Therefore, the coding rate indicated in IMCS is not used in PUSCH without UL-SCH.

If above is adopted, the coding rate and the modulation order can be used for the determination of PT-RS density. The indicated IMCS can be used to control PT-RS density. The beta factors used for UCI coding rate are not used in case PUSCH without UL-SCH.

Based on the discussion above, we propose following.

[bookmark: prop_time_den]Proposal 3:	UL control session should conclude how the modulation order and the code rate are used for PUSCH without UL-SCH
Proposal 4:	One possibility for PUSCH without UL-SCH is the modulation order is determined by MCS field of DCI and the resource are fully filled by UCI. The modulation order and the coding rate in DCI are used to determine PT-RS time density.


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





-	If the UE is configured with higher layer parameter UL-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 UL-PTRS-power, the PT-RS scaling factor  specified in subclause 7.4.1.2.2 of [4, TS 38.211] is given by   and also on the ULCodebookSubset according to [7, TS 38.212].
-	The UE shall assume 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






For UL, power boosting ratio depends on the UE capability of coherent MIMO (i.e. ULCodebookSubset) rather than used precoder. Therefore for non-codebook based UL also, the same rule and table as codebook based UL can be applied. Therefore, the text “for codebook based uplink transmission” in the draft specification can be removed.

Additionally, in this specification on codebook based UL, coherent type can be recognized by higher layer parameter ULCodebookSubset = {‘fullAndPartialAndNonCoherent’, ‘PartialAndNonCoherent’, ‘Non-Coherent’}. In the draft specification, it seems confusing which “Partial and non-coherent” in the table corresponds to ‘PartialAndNonCoherent’ only or {‘PartialAndNonCoherent’ and ‘Non-Coherent’}. It should be clarified.

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}

	…

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 UL-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 UL-PTRS-power, the PT-RS scaling factor  specified in subclause 7.4.1.2.2 of [4, TS 38.211] is given by   and also on the ULCodebookSubset according to [7, TS 38.212].
- In the table 6.2.3.1-3,
- “Full coherent” corresponds to ‘fullAndPartialAndNonCoherent’ of ULCodebookSubset.
- “Partial coherent” corresponds to ‘PartialAndNonCoherent’.
- “Non-coherent” corresponds to ‘Non-coherent’.
-	The UE shall assume UL-PTRS-power is set to state “00” in Table 6.2.3.1-3 if not configured.
…
	




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 PT-RS frequency thresholds report, we propose following.
Proposal 2:		Non-uniform sampling grid Tq →{ 2^n, n=0..9} should be supported for UE report of preferred thresholds for PT-RS frequency density.

For PT-RS time density for UCI on PUSCH without UL-SCH, we propose following.
Proposal 3:	UL control session should conclude how the modulation order and the code rate are used for PUSCH without UL-SCH
Proposal 4:	One possibility for PUSCH without UL-SCH is the modulation order is determined by MCS field of DCI and the resource are fully filled by UCI. The modulation order and the coding rate in DCI are used to determine PT-RS time density.

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