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Introduction
The following agreements on PT-RS have been achieved so far:
	Agreement [RAN1 AH 1801]
Agree to the following text proposal for section 6.2.3 in TS38.214. The text proposal to update for the non-coherent case, partial coherent case, non-codebook case if needed.

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

For codebook based coherent uplink transmission, when the UE is scheduled with one PTRS port 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

 [dB]

Where  is shown in the Table 6.2.3-5 according to the higher layer parameter UL-PTRS-power.
· The UE shall assume UL-PTRS-power is set to state “00” in Table 6.2.3-5 if not configured.
· 
Table 6.2.3-5: Factor related to PUSCH to PTRS power ratio per layer per RE () 
	
UL-PTRS-power / 
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	00
	0
	3
	4.77
	6

	01
	reserved

	10
	reserved

	11
	reserved






	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



This document discusses PT-RS presence before RRC configuration and UL PT-RS power for non/partial-coherent MIMO.


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.


UL PT-RS power for non/partial-coherent MIMO
In RAN1 AH 1801, UL PT-RS power boosting was agreed at least for coherent UL MIMO, and captured in [2]. We would like to discuss UL PT-RS power boosting for non/partial-coherent UL MIMO.

[image: ]
[bookmark: _Ref506368151]Figure 1 PT-RS power boosting with non-coherent UL MIMO
In Figure 1, UE with capability of 'Non-Coherent' which transmits PT-RS is indicated. If one UL PT-RS port only is configured for the UE and power boosting of the PT-RS port is enabled, transmission power of the panel corresponding to the PT-RS port might exceed the maximal capable power of the panel (power shortage). For example, if 23dBm is maximal capability of UE with 2 ports, 20dBm can be maximal capability per port (i.e. per corresponding panel). Then, if PPUSCH=23dBm is configured, 20dBm can be assumed for PUSCH per port. Here, when PT-RS power boosting is applied, the total power of the port carrying PT-RS can be (20+) [dBm] and can exceed capable power per port. The similar situation can happen when one PT-RS port is configured with one of the panels for UE with partial-coherent MIMO case.

[image: ]
[bookmark: _Ref506374985]Figure 2 Power reduction
Basically, PT-RS power boosting should be enabled even for non/partial-coherent case, in order to keep the phase compensation and/or demodulation accuracy in PT-RS power boosting condition. However, when the power shortage happens as stated above, UE should reduce the transmission power of the port carrying PT-RS.

Here, we discuss how to reduce the power of the port. Firstly, it is desirable that PT-RS power is kept as possible for higher demodulation accuracy. Secondly, the PT-RS power boosting ratio can be used for spatial interference estimation in the receiver, then the ratio should not be changed by the UE, from the value assumed by the gNB. Based on these aspects, we propose that UE just punctures some PUSCH subcarriers associated to the PT-RS ports such as the Figure 2 when power shortage happens. Also, there is no need to reduce the power of the remaining subcarriers, PT-RS or the other ports.

Based on the discussion above, we propose following.

[bookmark: powerBoosting]Proposal 2:	For non/partial-coherent UL MIMO transmission, PT-RS power boosting is enabled as long as power shortage does not happen.
Proposal 3:			Only when power shortage happens in the port(s) carrying PT-RS, UE just punctures some PUSCH data subcarriers associated to the PT-RS port(s).

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 UL PT-RS power for non/partial-coherent MIMO, we propose following.
Proposal 2:	For non/partial-coherent UL MIMO transmission, PT-RS power boosting is enabled as long as power shortage does not happen.
Proposal 3:			Only when power shortage happens in the port(s) carrying PT-RS, UE just punctures some PUSCH data subcarriers associated to the PT-RS port(s).
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