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Introduction
In this contribution, we discuss remaining corrections related to PT-RS.
Issue 1: Value ranges for PT-RS density tables of scheduled BW
Currently, full flexibility on the signaling of value ranges for the threshold signalling is adopted in RRC specifications. This flexibility is a bit unnecessary and it has been suggested to utilize compression. One method is the lossless compression algorithm [1], another is a simple non-uniform sampling grid of bandwidth thresholds, e.g. 2^n. We are ok with either method.
For the signalling for scheduling BW thresholds, adopt either the set of allowed scheduling BWs 1,2,4,8,16,32,64,128,256,276 RB or the lossless compression algorithm in [1]

Issue 2: PT-RS procedures for UL
[bookmark: _Toc501048225]In 38.214, there are still ambiguities in the procedures for UL PT-RS and the wrong RRC parameter names are used. In addition, we propose that PT-RS is only present with configured densities when scheduled from DCI format 1_0, otherwise the default densities is used. This allows the network to reach the UE during RRC reconfiguration of the thresholds, by using the fallback DCI format 0_0.

UL PT-RS is only applied with configured densities when scheduled from DCI format 1_0, otherwise the default densities are used
We suggest updating these sections according to the text proposal below:
<<<< begin text proposal <<<
6.2.3	UE PT-RS transmission procedure
If a UE is not configured with the higher layer parameter PTRS-UplinkConfig Uplink-PTRS-Config, set to 'OFF', 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 PTRS-UplinkConfig UL-PTRS-present set to 'ON',  
-	if either or both of the additional higher layer parameters UL-PTRS-time-density and UL-PTRS-frequency-density are configured, and the RNTI equals C-RNTI, CS-RNTI, SPS-CSI-RNTI and the PUSCH is scheduled from DCI format 0_1, the UE shall assume the PT-RS antenna ports' presence and pattern for transmission 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, 
-	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 not transmit PT-RSmay assume that PT-RS is not present when the RNTI equals TC-RNTI.
[….unchanged parts omitted]
If a UE is configured with the higher layer parameters PTRS-UplinkConfig UL-PTRS-present and the number of configured PT-RS ports is 1, the UE is indicated a DM-RS port to be associated with the PT-RS by UL DCI.
[….unchanged parts omitted]

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 PTRS-UplinkConfig UL-PTRS-present-transform-precoding,
-	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 transmit assume no PT-RS is present when the number of scheduled RBs is less than or equal to NRB0 if NRB0 > 0 or if the RNTI equals TC-RNTI.
-	and the UE may be configured PT-RS time density LPTRS = 2 with the higher layer parameter timeDensity. Otherwise, the UE shall assume LPTRS = 1.
-	if the higher layer parameter PTRS-UplinkConfig 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. 
Table 6.2.3.2-1: PT-RS group pattern as a function of scheduled bandwidth
	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




When transform precoding is enabled and if a UE is configured with the higher layer parameter PTRS-UplinkConfig UL-PTRS-present-transform-precoding, the PT-RS scaling factor  specified in Subclause 6.4.1.2.2.2 of [4, TS 38.211] is determined by the scheduled modulation order as shown in table 6.2.3.2-1.

Issue 3: PT-RS procedures for DL
In 38.214, there are still ambiguities in the procedures for DL PT-RS and the wrong RRC parameter names are used. Moreover we made a working assumption last meeting that still needs more polishing on the text. In addition, we propose that PT-RS is only present with configured densities when scheduled from DCI format 1_1, otherwise the default densities is used. This allows the network to reach the UE during RRC reconfiguration of the thresholds, by using the fallback DCI format 1_0.

DL PT-RS is only applied with configured densities when scheduled from DCI format 1_1, otherwise the default densities are used
We suggest updating these sections according to the text proposal below:
<<<< begin text proposal <<<

[bookmark: _Toc501048177]5.1.6.3	PT-RS reception procedure
[bookmark: _Hlk497901566]A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, assuming the MCS table with the maximum ModOrder as it reported to support.


[bookmark: _Hlk500442245]If a UE is configured with the higher layer parameter PTRS-DownlinkConfig Downlink-PTRS-Config, set to 'ON',
-	if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and the RNTI equals C-RNTI or CS-RNTI and the PDSCH is scheduled from DCI format 1_1, then 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, if none 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 is present with LPT-RS = 1, KPT-RS = 2 unless 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
-	in which cases the UE shall assume that PT-RS is not present
	the RNTI equals RA-RNTI, SI-RNTI or P-RNTI.
· otherwise, the UE shall assume PT-RS is not present
[bookmark: _Hlk497901610][bookmark: _Hlk497925681][bookmark: _Hlk508656863][… unchanged tables omitted…]
If a UE is not configured with the higher layer parameter PTRS-DownlinkConfig Downlink-PTRS-Config, set to 'OFF', the UE shall not assumes that PT-RS may be is not present. 

Issue 4: DL PT-RS power boosting
It’s unclear whether there is any remaining essential correction for DL PT-Rs power boosting. It should be noted that among features that were delayed in December 2015 is the multiple DMRS groups. The feature requiring DMRS groups will not be completed in NR Rel-15 and thus removed from specifications.  Hence, discussions resolving PT-RS issues when two DMRS groups are configured will not be treated. 
Issues related to two DMRS groups will not be discussed 

Issue 5: UL PT-RS power boosting
The already specified power boosting scheme for UL PTRS for coherent codebook-based UL transmission can also be applied to other use cases, including non-codebook-based UL transmission. The non-codebook transmission can be configured as the non-coherent codebook subset of precoding matrices as it provides the largest coverage of possible implementations of non-codebook transmissions. 
In addition, the “full coherent”, “partial coherent” and “non-coherent” classification of precoding matrices is not captured in specifications. It should be noted that although the UE is higher layer configured with ULCodebookSubset it does not define which precoding matrices belong to each classification. A text proposal to capture this in 38.211 is given in [2].

<<<< begin text proposal <<<
[bookmark: _Hlk510524694]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
[---unchanged and omitted text---]

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 UL transmission precoder selection ULCodebookSubset according to TPMI and the classification in Table 6.3.1.5-8 in [7, TS 38.212] for codebook based uplink transmission or if non-codebook based uplink transmission is configured.
-	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 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



Issue 6: Density in case of UCI on PUSCH without UL-SCH
It is observed in previous meeting that when PUSCH carries UCI only, the PTRS density can be undefined as MCS could be the reserved MCS. 
A simple approach would be to use the indicated reserved state, and use the highest MCS for the indicated modulation order as the basis for selecting the time density. 
In case of UCI on PUSCH without UL-SCH, use the highest MCS in the used MCS table for the indicated modulation order according to the reserved state for selecting the PT-RS time density .
Issue 7: Indication of the number of PT-RS ports for DL
A suggested open issue is how to indicate the number of PT-RS APs when there is no TCI for a CORESET and TCI is not present in scheduling DCI, e.g. PDSCH is scheduled by DCI in CORESET-BFR; how to indicate number of PT-RS APs in cross-carrier scheduling when TCI is not present. 

It should be noted that among features that were delayed in December 2015 is the multiple DMRS groups. The feature requiring DMRS groups will not be completed in NR Rel-15 and thus removed from specifications.  Hence, discussions resolving PT-RS issues when two DMRS groups and thus two PT-RS ports are configured will not be discussed in RAN1 for Rel-15. 

No need to discuss the issue of indication of the number of DL PT-RS antenna ports since if DL PT-RS is enabled, the number is always one for Rel.15. 

Issue 8: Small typo in 38.212
The RRC parameter name needs to be updated in 212, DCI format 0_1. Also the text is a bit ambigious, the intention is that 0 bit is present if PTRS is not configured for UL.

PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured by higher layers UL-PTRS-present=OFF and PUSCH-tp=Disabled, or if PUSCH-tp=Enabled;
-	2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for UL-PTRS-ports = 1 and UL-PTRS-ports = 2 respectively, and the DMRS ports are indicated by the Antenna ports field.
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