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Introduction
In this paper we address a PT-RS power boosting issue related to single-DCI based NC-JT when 2 PT-RS ports are configured. 
[bookmark: _Ref178064866]Discussion
Two PT-RS ports were introduced in NR Rel-16 for single DCI based NC-JT,  each PT-RS port is transmitted from one TRP.  Because different power amplifiers are used in two TRPs,  power cannot be shared across TRPs. Thus, the amount of PT-RS power allocation for a PT-RS port depends on only the number of PDSCH layers scheduled from the same TRP.  
Considering an example in which a PDSCH with 3 layers are scheduled over two TRPs, with 2 layers over TRP #1 and 1 layer over TRP #2. DMRS ports 0 and 1 are associated with TRP #1 and DMRS port 2 with TRP #2. If two PT-RS ports are configured, and PT-RS port 0 is associated with DMRS port 0 and PT-RS port 1 with DMRS port 2.   Then, the power boosting ratio for PT-RS port 0 can be up to 3dB, while for PT-RS port 1, no power boosting can be done. This is illustrated in Figure 1.  
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[bookmark: _Ref66467091]Figure 1: An example of PT-RS EPRE and PDSCH EPRE allocation with NC-JT based PDSCH transmission from two TRPs.


This has been reflected in the updated PT-RS power allocation in Table 4.1-2 of 38.214 v16.4.0 (copied below),  where for a given epre-Ratio configuration, only the PDSCH layers associated with the PT-RS port are used for  determining the  ratio of PT-RS EPRE to PDSCH EPRE per layer () for the PT-RS port.  

Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE () 
	epre-Ratio
	The number of PDSCH layers with DM-RS associated to the PT-RS port

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	reserved

	3
	reserved



However, in the PTRS power allocation above, muted REs for PT-RS port used in the other TRP was not considered. Figure 2 shows an example of resource mapping for the example in Figure 1, where the REs of PT-RS port 0 are muted in PDSCH over TRP #2. Similarly, the REs of PT-RS port 1 are muted in PDSCH over TRP #1. 

[bookmark: _Ref66532675]Figure 2: An example of resource mapping when two PT-RS are configured for the example shown in Figure 1.
Note that the two PT-RS ports are present in different subcarriers of the same RBs and have the same density in both time and frequency. Also, the two PT-RS ports are present in the same OFDM symbols. Thus, for each TRP,  the power allocated in the muted REs can be used to increase or boost the PT-RS transmit power by 3dB while keeping the average PDSCH transmit power as well as total transmit power (PDSCH and PT-RS)  the same. 
The current PT-RS power allocation for NC-JT does not take the muted RE into account when 2 PT-RS ports are configured 
Thus, the  ratio of PT-RS EPRE to PDSCH EPRE per layer per RE () for each of the two PT-RS ports can be increased accordingly when two PT-RS ports are configured. Either a new row is added in Table 4.1-2 of 38.214 v16.4.0 or  the existing row with epre-ratio=0 is modified.  
Table 1 shows an example in which the first row (i.e., with epre-ratio =0) is modified such that the ratios depend on the number of PT-RS ports, Qp. When a single PT-RS port is configured, i.e., Qp=1, the ratios for epre-Ratio = 0 is the same as ratios in existing Table 4.1-2 of 38.214 v16.4.0. When two PT-RS ports are configured and NC-JT based PDSCH transmission is indicated, then Qp=2. 
Table 2 shows another example in which a new row with epre-ratio =2 is added.   Table 2 is preferred as it provides additional flexibility. 

[bookmark: _Ref66544306]Table 1: The first row of Table 4.1-2 in 38.214 v16.4.0. is modified. 
	epre-Ratio
	The number of PDSCH layers with DM-RS associated to the PT-RS port

	
	1
	2
	3
	4
	5
	6

	0
	3Qp-3
	3Qp 
	3Qp+1.77
	3Qp+3
	3Qp+4
	3Qp+4.77

	1
	0
	0
	0
	0
	0
	0

	2
	reserved

	3
	reserved



Table 2: A new row is added to Table 4.1-2 in 38.214 v16.4.0.  
	epre-Ratio
	The number of PDSCH layers with DM-RS associated to the PT-RS port

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	3Qp-3
	3Qp 
	3Qp+1.77
	3Qp+3
	3Qp+4
	3Qp+4.77

	3
	reserved



[bookmark: _Toc68633527]Update PT-RS power allocation in Table 4.1-2 of 38.214 v16.4.0 to reflect additional power boosting for NC-JT when 2 PT-RS ports are configured.
[bookmark: _Toc68633528]Adopt Table 2 for  Table 4.1-2 in 38.214 v16.4.0.
Conclusion
Based on the discussion in the previous section we propose the following:
Proposal 1	Update PT-RS power allocation in Table 4.1-2 of 38.214 v16.4.0 to reflect additional power boosting for NC-JT when 2 PT-RS ports are configured.
Proposal 2	Adopt Table 2 for  Table 4.1-2 in 38.214 v16.4.0.
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