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Introduction
In this contribution, we discuss some of our considerations for PTRS power boosting for STxMP SDM scheme.
Discussion
0. PTRS power boosting for STxMP SDM scheme
In RAN1#114b, PTRS power boosting for STxMP SDM scheme was discussed and the following proposal was captured in FL summary [1]:

	Updated Proposal 1.7:
For a single-DCI based STxMP SDM PUSCH, when the RRC parameter maxNrofPortsforSDM is set to n2, the power scaling factor for each PTRS port is calculated according to:
· The number of layers corresponding to this PT-RS port
· and the following table:
	
[bookmark: MCCQCTEMPBM_00000123]UL-PTRS-power / 
	The number of PUSCH layers corresponding to the PT-RS port

	
	1
	2

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based

	00
	0
	3
	0

	01
	0
	3
	3

	10
	reserved

	11
	reserved






In the following, we investigate whether or not the above proposal is acceptable. First, let us overview some background relevant to PTRS power boosting. For a PTRS port associated with the PUSCH layer , the PTRS tones are occupied by a single layer PTRS transmission and there is no other PUSCH layers or PTRS associated with PUSCH layer  on these tones. Therefore, the borrowed power for PTRS power boosting corresponding to port can be potentially from the following two sources:

S1) From the muted PUSCH layers on the PTRS tones corresponding to PTRS port  
S2) If scheduled PTRS ports =2, from the muted PUSCH layers on the PTRS tones corresponding to PTRS port  that is associated with the PUSCH layer  

However, there are also some restrictions to borrow power from the above sources as follows:

R1) Power amplifier capability of each Tx antenna:
In the context of power boosting for PTRS, two different PA capabilities are considered in 38.214: 
1) Partial-range PA where each PA can transmit with the power dictated by the UE power class divided by the number of Tx antennas. This corresponds to  in the above FL proposal and Table 6.2.3.1-3 in 38.214.
2) Full-range PA where each PA can transmit with the full power dictated by the UE power class. This corresponds to  in the above FL proposal and Table 6.2.3.1-3 in 38.214.
R2) Coherency of the PUSCH precoder for a UE that is equipped with the partial-rage PA: 
If the UE is equipped with a full-range PA, power of the antennas that transmit PTRS port  may be boosted without the need to borrow the power from the antennas that transmit PUSCH layers  However, if the UE is equipped with partial-range PA, power may need to be borrowed from the antennas that transmit PUSCH layers  However, this power can only be borrowed from the layers that are coherently precoded with the PUSCH layer , i.e.,  and  should belong to the same coherent group. 
R3) Maximum transmit power on PTRS tones:
For each panel, transmit power on PTRS tones should be capped by the total transmit power on the PUSCH tones from that panel. In other words, for each panel the PTRS power boost value in dB should not exceed  where is the total number of PUSCH layers transmitted from panel. This restriction is aligned with the PTRS power boost values in legacy Table 6.2.3.1-3 of 38.214, where, for a single panel transmission, the PTRS power boost value in dB is upper bounded by 

Now, let us have a look at the PTRS power boosting issue for the SDM transmission scheme. For SDM, one or two PUSCH layers are associated with each SRS resource set (i.e., panel) and, if =2, one PTRS port is associated with the first SRS resource set and the other PTRS port is associated with the second SRS resource set. 

When the number of PUSCH layers associated with the SRS resource set is one, since at most one PTRS port per SRS resource set can be scheduled, the PTRS port is transmitted with the same power as the associated PUSCH layer and, due to R3, no power boosting is required. 

When the number of PUSCH layers associated with the SRS resource set is two, due to R3, at most 3dB PTRS power boosting may be supported. Conditioned on the restrictions imposed by R1 and R2, to accommodate such power boosting, if =1, i.e., only one of the two SRS resource sets is associated with a PTRS port, S1 may be available to boost the PTRS port power and, if =2, i.e., each one of the two SRS resource sets is associated with a PTRS port, S1 and/or S2 may be available to boost the power of each of the two PTRS ports. For such scenario, the following two cases can be distinguished: 

1) UE is equipped with full-range PA : Regardless of the precoder coherency type, the 3dB power boosting is attainable by increasing the Tx power of the antenna(s) that transmit the PUSCH layer associated with the PTRS port.
2) UE is equipped with partial-range PA (: The following two sub-cases can be identified:
a. If the precoder is fully coherent, since the second (first) PUSCH layer is not transmitted on the PTRS tones associated with the first (second) layer and antennas are capable of coherent transmission, regardless of the value of , S1 may be utilized to power boost the PTRS by 3dB. 
b. If the precoder is partially coherent or non-coherent or for the non-codebook based transmission, if , S2 is not available and S1, although potentially available, cannot be utilized since antennas that transmit second (first) PUSCH layer cannot be pooled together with the antennas that transmit first (second) PUSCH layer to transmit PTRS associated with the first (second) PUSCH layer. However, when , S2 is available since, there will be silent tones for the panel associated with the first (second) SRS resource set on which the PTRS port associated with the second (first) SRS resource set are transmitted from the other panel. Since, in particular, UE does not transmit the PUSCH layer  associated with the PTRS port on these tones, the saved power can be used to provide the 3 dB boost for the PTRS port .  

Based on the above discussion, we propose the following. 

Proposal 1: For a single-DCI based STxMP SDM PUSCH, the power scaling factor for each PTRS port is calculated according to the following table where  is provided by maxNrofPortsforSDM:
	
UL-PTRS-power / 
	The number of PUSCH layers associated with the same SRS resource set as the PTRS port

	
	1
	2

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based

	00
	0
	3
	3

	01
	0
	3
	3

	10
	reserved

	11
	reserved



Conclusions 
In this contribution, we have the following proposal

Proposal 1: For a single-DCI based STxMP SDM PUSCH, the power scaling factor for each PTRS port is calculated according to the following table where  is provided by maxNrofPortsforSDM:
	
UL-PTRS-power / 
	The number of PUSCH layers associated with the same SRS resource set as the PTRS port

	
	1
	2

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based

	00
	0
	3
	3

	01
	0
	3
	3

	10
	reserved

	11
	reserved
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