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Introduction
In this contribution, we present our proposals to maintain the PT-RS related sections in the Release 15 standards. 
On the PT-RS symbol mapping rule
In one previous meeting, the following updates were agreed on the text to determine the PT-RS symbol index [1]. 
	Agreement:
The text in 7.4.1.2.2 of 38.211 is changed as below. Note: the text in 6.4.1.2.2.1 of 38.211 should also be changed in the same manner.

The set of time indices [image: ] defined relative to the start of the PDSCH allocation is defined by
1. 

   set  and 


2.   if any symbol from   to  overlaps with a symbol used for DM-RS according to clause 7.4.1.1.2

-     set 
-     set [image: ] to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
-    repeat from step 2 above as long as [image: ] is inside the PDSCH allocation.

3.   add  to the set of time indices for PT-RS 
4.   increment [image: ] by one
5.   repeat from step 2 above as long as [image: ] is inside the PDSCH allocation

where .
Agreement:
Agree to the following text proposal for section 6.4.1.2.2.2 of TS38.211
· The set of time indices l defined relative to the start of the PUSCH allocation is defined by
1. set   i=0 and  lref=0
2. if any symbol from  max(lref+(i-1)LPTRS+1, lref) to lref+iLPTRS   overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2
	- set  i=1
	- set lref  to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
	- repeat from step 2 above as long as lref+iLPTRS  is inside the PUSCH allocation.
3. add lref+iLPTRS  to the set of time indices for PT-RS
4. increment i  by one
5. repeat from step 2 above as long as lref+iLPTRS  is inside the PUSCH allocation

where  is given by the higher-layer parameter UL-PTRS-time-density-transform-precoding.




In brief, under the current mapping rule, a PDSCH symbol is mapped with PT-RS, if the following condition is met:
(i) All its previous LPT-RS-1 symbols, if exist, do not contain DMRS or PT-RS as reference for its phase tracking.
For certain cases when PT-RS are punctured based on the following agreement [2], however, we observe that additional clarifications are still required.
	Agreement:
Correct section 7.4.1.2.2 in 38.211 as follows
>>>>>>>>>>>> Start text proposal section 7.4.1.2.2  >>>>>>>>>>>>


If present, the UE shall assume the PDSCH PT-RS is scaled by a factor  to conform with the transmission power specified in clause 4.1 of [6, TS38.214] and mapped to resource elements  according to


[bookmark: _Hlk500883235]when all the following conditions are fulfilled

-	 is within the OFDM symbols allocated for the PDSCH transmission

-	resource element  is not used for DM-RS, CSI-RS, SS/PBCH block, a detected PDCCH, or by a configured CORESET declared as 'not available for PDSCH' according to clause 5.1.4.1 of [6, TS 38.214]
>>>>>>>>>>>> End text proposal section 7.4.1.2.2 >>>>>>>>>>>>
Check offline whether NZP CSI-RS should be added or not (yellow part)



If , we find that the current PT-RS symbol mapping rule does not work well in the cases, especially when all or a majority of the PT-RS tones are punctured in certain symbols; as the actual post-puncturing time density of the PT-RS can be significantly smaller than the intended density indicated by the MCS. 
For instance, assume , and the frame structure as shown in Fig. 1, where the PDSCH overlaps with SSB in symbol 6-10. Under the current PT-RS symbol mapping rule, PT-RS signals are first mapped to symbol 4, 6, 8, and 10, and then get punctured in symbol 6, 8, and 10. Namely, PT-RS tones remain only in symbol 5 after puncturing. Consequently, we expect large errors in the phase tracking for symbol 11, as its CPE estimation will at best be extrapolated from DMRS in symbol 2 and PT-RS in symbol 4, over a larger gap of 6 symbols.

[image: ]
Figure 1. Example of PTRS symbol mapping using the current rule.
Observation 1: After puncturing PT-RS tones, the remaining time domain density may be lower than the intended value, which may cause degradation in decoding performance.
Proposal 1: The PT-RS symbol mapping rule should take account for the case where the PT-RS tones are punctured in one or more PDSCH symbols.
To solve the issue, we propose the following addition to the conditions for determining whether a PDSCH symbol is mapped with PT-RS.
Proposal 2: PT-RS should be only mapped to a PDSCH symbol fulfilling the following conditions:
(i) All its previous LPT-RS-1 symbols, if exist, do not contain DMRS or PT-RS as reference for its phase tracking;
(ii) The symbol contains at least X RBs of PDSCH that are not used for CSI-RS, SS/PBCH block, a detected PDCCH, or are not declared as ‘not available for PDSCH’ according to 5.1.4.1 in TR 38.214. 
· Equivalently, after pucturing, there still remains at least Y tones of PT-RS.
· For simplicity, X=[NRB0 ] in the Table 5.1.6.3-2 in 38.214 (as shown below), and Y=[1].
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
 NRB1  NRB 
	4



The proposal change in the mapping rule should be made both in DL and UL. Additionally, we provide the following pseudo code to reflect the change in Proposal 2 as:
	The set of time indices [image: ] defined relative to the start of the PDSCH allocation is defined by
1. 
1. if symbol  satisfies all the conditions below:
· it contains at least X=[NRB0] RBs of PDSCH that are not used for CSI-RS, SS/PBCH block, a detected PDCCH, or are not declared as ‘not available for PDSCH’ according to 5.1.4.1 in TR 38.214
· all its previous  symbol do not contain DM-RS or PT-RS 
   Then add  to the set of time indices for PT-RS;
1.  ;
1. Repeart Step 2-3 till  exceeds than , where  is the index of the last symbol containing PDSCH RBs in the slot.


[image: ]
Figure 2. Example of PT-RS mapping using our proposed update in the rule. 
In Figure 2, we illustrate the PT-RS symbol mapping based on the revised rule in Proposal 2. Note that all the PDSCH symbols are now at most  symbol away from their phase-tracking references. Further, we simulate the performance of both the current rule (i.e., the frame structure in Figure 1) and the proposed rule (i.e., the frame structure in Figure 2), assuming 16 QAM modulation. Details of simulation parameters are provided in the Appendix. In Figure 3, our simulation shows that the proposed change rule in the PT-RS mapping rule significantly improves the throughout performance; as improving the phase tracking accurary in Symbol 11 reduces the error rates, and hence the times of the HARQ retransmission in the lower SNR range.
[image: ]
Figure 3. Throughput comparision of different PT-RS symbol mapping rules. 
PT-RS time domain density for PUSCH with UCI only
Now we discuss the method to determine the PT-RS time domain density for PUSCH with UCI only. As the MCS of the UCI-only PUSCH case may vary from BPSK to higher modulations. It is natural to support variable PT-RS time domain density depending on the MCS (modulation order and/ or coding rate) rather than a fixed density, as in the PUSCH slots containing regular data.
Proposal 3: Support variable PT-RS time domain density for UCI-only PUSCH.
To support the variable PT-RS time domain density, we have considered the following design options:
1. Determine the PT-RS time density based on the MCS of the UCI-only PUSCH, e.g. based on the Table 1, where the thresholds ptrs-ModOrder are configured by RRC signalling;
2. Joinly decide the PT-RS density and PUSCH modulation order based on the code rate calculated at the UE. Details on how to calculate the code rate can be found in our submission [3].
3. Based on the code rate calculated at the UE, find the closest MCS in the corresponding PUSCH MCS table (Table 6.1.4.1-1 in 38.214 for DFT-sOFDM, and Table 5.1.3.1-2 in 38.214 for CP-OFDM) with its code rate higher than the calculated code rate; and then determine the PT-RS time density based on Table 6.2.3-1 in 38.214.
	[bookmark: _Hlk497926106]Scheduled Modulation Order
	
Time density ()

	IMCS < ptrs-ModOrder1 
	PT-RS is not present

	
ptrs- ModOrder1  IMCS < ptrs- ModOrder2
	4

	
ptrs- ModOrder2  IMCS < ModOrder3
	2

	
ModOrder3  IMCS < ModOrder4
	1


Table 1. PT-RS time domain density as a function of the Modulation Order in Option 1.
Since the determination of the PT-RS density relates to UE specific PN property, it appears that Option 1 and 2 requires additional overhead for UE to report its recommendation of PT-RS density, and for gNB to configure the thresholds in the mapping table. Therefore, we prefer Option 3 which reuses the existing mechanism, and does not require extra overhead.
Proposal 4: Support Option 3 to determine PT-RS time domain density for UCI-only PUSCH.
Default tables determining the PT-RS time/ frequency density
Before the thresholds in Table 5.1.6.3-1 and Table 5.1.6.3-2 in TR 38.214 are re-configured by RRC signaling, the default values in the tables are applied to determine the presence/ density of the DL PT-RS. In the simulations, we find that it can be useful to allow having PT-RS signals in the default mode, even for certain cases of the extremely narrowband (e.g. 1 RB allocation) or the lowest MCS, as shown below.
In Figure 4, we compare the throughput performance with PT-RS enabled and disabled for MCS0. The scheduled PDSCH bandwidth is 60 RBs. Therefore, if PT-RS is enabled in the default tables, the lowest PT-RS time and frequency densities are applied, i.e., 1 PT-RS tone per 48 tones, and PT-RS in every 4 symbols. The simulation results show that even with the lowest MCS0, it is safe to enable PT-RS in the default mode in case of the high CFO or high mobility. 
[image: ]
Figure 4. Throughput comparision with and without PT-RS enabled for MCS0. 
In Figure 5, we examine the case of ultra-narrowband PDSCH allocation. In the simulations, we assume 1 RB PDSCH allocation, and a 64 QAM MCS (MCS27). If PT-RS is enabled, we assume that it occupies 1 tone (causing 1/12 overhead), and appears in all PDSCH symbols in the time domain. The numerical results show that despite the apparently large penalty of high overhead ratio, having PT-RS still improves the overall throughput, as the phase compensation reduces the error rate, and thus the number of retransmissions, as illustrated in Figure 6. Our study indicates that even in the most narrowband allocation case, allowing the option of having PT-RS on in the default mode can be useful to support high modulations. 
[image: ]
Figure 5. Throughput comparision assuming MCS27 and 1 RB PDSCH allocation. 
[image: ]
Figure 6. BLER comparision assuming MCS27 and 1 RB PDSCH allocation. 
Of course, based on different assumptions of the CFO values and PN properties, having PT-RS on need not be the best solution to all cases; but further optimization of the threshold values can always be performed later through RRC signaling. Therefore, we propose the following thresholds in the default tables.
Proposal 5: For the default values in Table 5.1.6.3-1 and Table 5.1.6.3-2 in TR 38.214, let ptrs_MCS1=0, and N RB0=0. 
The following text change are also proposed accordingly in TR 38.214:
	[bookmark: _Hlk500442245]If a UE is configured with the higher layer parameter Downlink-PTRS-Config, set to 'ON',
-	if the additional higher layer parameters timeDensity and frequencyDensity are both configured, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 
-	otherwise 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 0, or
-	the scheduled MCS from Table 5.1.3.1-2 is smaller than 5 0, or 
-	the number of scheduled RBs is smaller than 3 0,



Similarly, we propose the same default thresholds for UL PT-RS.
Proposal 6: For the default values in Table 6.2.3-1 and Table 6.2.3-2 in TR 38.214, let ptrs_MCS1=0, and N RB0=0. 
DL power boosting with 2 PT-RS ports
When 2 PT-RS ports are configured for DL, the power boosting factor for a PT-RS port should be determined by the number of PDSCH layers corresponding to the DMRS ports sharing the PT-RS port, rather than the number of scheduled PDSCH layers. One use case of configuring two PT-RS ports is that their associated PDSCH layers are from different panels or sites, which suffer from PN from different sources and/ or Doppler effects due to different beamforming directions. In such cases, boosting the PT-RS power based on the number of the PDSCH layers from the same panel/ site may make more sense than based on the overall number of the PDSCH layers across panels/ sites.
Proposal 7: Use the following table for DL PT-RS power boosting. 

Table 1: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i () 
	PDSCH-to-PT-RS EPRE ratio for PT-RS port i
	
The number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port  i, ()

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	Reserved

	
	
The number of PDSCH layers corresponding to the DMRS ports sharing the PT-RS port  i, ()

	3
	0
	3
	4.77
	6
	7
	7.78



Conclusions
Observation 1: After puncturing PT-RS tones, the remaining time domain density may be lower than the intended value, which may cause degradation in decoding performance.
Proposal 1: The PT-RS symbol mapping rule should take account for the case where the PT-RS tones are punctured in one or more PDSCH symbols.
Proposal 2: PT-RS should be only mapped to a PDSCH symbol fulfilling the following conditions:
(i) All its previous LPT-RS-1 symbols, if exist, do not contain DMRS or PT-RS as reference for its phase tracking;
(ii) The symbol contains at least X RBs of PDSCH that are not used for CSI-RS, SS/PBCH block, a detected PDCCH, or are not declared as ‘not available for PDSCH’ according to 5.1.4.1 in TR 38.214. 
· Equivalently, after pucturing, there still remains at least Y tones of PT-RS.
· For simplicity, X=[NRB0 ] in the Table 6.2.3-2 in 38.214 (as shown below), and Y=[1].
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
 NRB1  NRB 
	4



Proposal 3: Support variable PT-RS time domain density for UCI-only PUSCH.
Proposal 4: Support Option 3 to determine PT-RS time domain density for UCI-only PUSCH.
Proposal 5: For the default values in Table 5.1.6.3-1 and Table 5.1.6.3-2 in TR 38.214, let ptrs_MCS1=0, and N RB0=0. 
Proposal 6: For the default values in Table 6.2.3-1 and Table 6.2.3-2 in TR 38.214, let ptrs_MCS1=0, and N RB0=0. 
Proposal 7: Use the following table for DL PT-RS power boosting. 

Table 1: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i () 
	PDSCH-to-PT-RS EPRE ratio for PT-RS port i
	
The number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port  i, ()

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	Reserved

	
	
The number of PDSCH layers corresponding to the DMRS ports sharing the PT-RS port  i, ()

	3
	0
	3
	4.77
	6
	7
	7.78



Appendix
Table 2: Simulation parameters for Figure 3 
	Carrier frequency
	30 GHz

	Power spectrum of phase noise
	Way forward proposal outlined in Figure 4 of [4] reduced by 20dB*log10(40Ghz/30Ghz) 

	Residual CFO
	500 Hz

	UE mobility
	3km/h

	Subcarrier Spacing 
	120kHz

	Duration of cyclic prefix 
	0.6µs

	PDSCH RB allocations
	1-40 RB

	MCS
	MCS16 (16QAM)

	Channel Model
	CDL-B (see 3GPP TR 38.900 V1.0.0 table 7.7.1)

	Pre-beamforming RMS delay spread
	100 ns (the “nominal” delay case)

	NB antenna array
	16*8

	UE antenna array 
	2*2	

	HARQ
	IR, maximum 4 retransmissions



Table 3: Simulation parameters for Figure 4 
	Carrier frequency
	30 GHz

	Power spectrum of phase noise
	Way forward proposal outlined in Figure 4 of [4] reduced by 20dB*log10(40Ghz/30Ghz) 

	Residual CFO
	0.1ppm, 0.15ppm

	UE mobility
	3km/h

	Subcarrier Spacing 
	120kHz

	Duration of cyclic prefix 
	0.6µs

	PDSCH RB allocations
	1-60 RB

	MCS
	MCS0 (QPSK)

	Channel Model
	CDL-B (see 3GPP TR 38.900 V1.0.0 table 7.7.1)

	Pre-beamforming RMS delay spread
	100 ns (the “nominal” delay case)

	NB antenna array
	16*8

	UE antenna array 
	2*2

	HARQ
	IR, maximum 4 retansmissions



Table 4: Simulation parameters for Figure 5 and 6 
	Carrier frequency
	30 GHz

	Power spectrum of phase noise
	Way forward proposal outlined in Figure 4 of [4] reduced by 20dB*log10(40Ghz/30Ghz) 

	Residual CFO
	none

	UE mobility
	1.5 km/h

	Subcarrier Spacing 
	120kHz

	Duration of cyclic prefix 
	0.6µs

	PDSCH RB allocations
	1 RB

	MCS
	MCS27 (64QAM)

	Channel Model
	CDL-B (see 3GPP TR 38.900 V1.0.0 table 7.7.1)

	Pre-beamforming RMS delay spread
	100 ns (the “nominal” delay case)

	NB antenna array
	16*8

	UE antenna array 
	2*2

	HARQ
	IR, maximum 4 retransmissions
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