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7.1.6.1
Introduction
We have identified a technical error in TS 38.213 back in October 2017 (see R1-1718261 [1]). The error consists in the way in which the pathloss is calculated, neglecting the UE and gNB antenna gains.
The error on path loss calculation appears for power control on:

· PUSCH (section 7.1.1)

· PUCCH (section 7.2.1)

· SRS (section 7.3.1)

· PRACH (section 7.4.1).

In this contribution we propose two solutions for fixing this issue:

· Solution 1: consider the UE and gNB antenna gains when deriving the path loss from the received and transmitted power;
· Solution 2: replace the “path loss” with “coupling loss”, which will allow keeping the existing equations.

Discussion
Below are four quotes from TS 38.213 ‎[2]‎
, where the relevant instances of “path loss” appear:

7.1
Physical uplink shared channel
……

7.1.1
UE behaviour

…….
If a UE transmits a PUSCH on carrier 
[image: image1.wmf]f

 of serving cell 
[image: image2.wmf]c

 using parameter set configuration with index 
[image: image3.wmf]j

 and PUSCH power control adjustment state with index 
[image: image4.wmf]l

, the UE shall determine the PUSCH transmission power 
[image: image5.wmf])
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is the configured UE transmit power defined in [8, TS 38.101] for carrier 
[image: image9.wmf]f

 of serving cell 
[image: image10.wmf]c

 in PUSCH transmission period 
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is a downlink path-loss estimate in dB calculated by the UE using reference signal (RS) resource 
[image: image13.wmf]d
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 for carrier 
[image: image14.wmf]f

 of serving cell 
[image: image15.wmf]c

, where the UE is configured with a number of RS resources by higher layer parameter num-pusch-pathlossReference-rs and a respective set of RS configurations for the number of RS resources is provided by higher layer parameter pusch-pathloss-Reference-rs that includes one or both of a set of SS/PBCH block indexes provided by higher layer parameter pusch-pathlossReference-SSB and a set of CSI-RS configuration indexes provided by higher layer parameter pusch-pathlossReference-CSIRS. The UE identifies a RS resource in the set of RS resources to correspond to a SS/PBCH block or to a CSI-RS configuration as provided by higher layer parameter pusch-pathlossreference-index in pusch-pathlossReference-rs-config. 
· A higher layer parameter SRI-PathlossReferenceIndex-Mapping, when provided, provides a mapping between a set of values for the SRI field in DCI format 0_1 and a set of pusch-pathlossreference-index values provided by higher layer parameter pusch-pathlossReference-rs-config. If the PUSCH transmission is scheduled by a DCI format 0_1 and if the DCI format 0_1 includes a SRI field, the UE determines the reference signal (RS) resource 
[image: image16.wmf]d
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 from the value of pusch-pathlossreference-index that is mapped to the SRI field value.  
· For a PUSCH (re)transmission corresponding to a UL-TWG-type1 configuration, a reference signal (RS) resource 
[image: image17.wmf]d
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 is provided by higher layer parameter UL-TWG-pathlossreference-index. 
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= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [7, TS 38.215] for the reference serving cell and the higher layer filter configuration is defined in [12, TS 38.331] for the reference serving cell. 

For 
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, referenceSignalPower is configured by higher layer parameter SS-PBCHBlockPower. For 
[image: image20.wmf]0
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, referenceSignalPower is configured by either higher layer parameter SS-PBCHBlockPower or, when periodic CSI-RS transmission is configured, by higher layer parameter Pc-SS providing an offset of the CSI-RS transmission power relative to the SS/PBCH block transmission power [6, TS 38.214].
……..

7.2.1
UE behaviour

If a UE transmits a PUCCH on carrier 
[image: image21.wmf]f

 in the primary cell 
[image: image22.wmf]c

 using PUCCH power control adjustment state with index 
[image: image23.wmf]l

, the UE shall determine the PUCCH transmission power 
[image: image24.wmf])
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is the configured UE transmit power defined in [8, TS 38.101] for carrier 
[image: image28.wmf]f

 of serving cell 
[image: image29.wmf]c

 in PUCCH transmission period 
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is a downlink path-loss estimate in dB calculated by the UE for carrier 
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 of the primary cell 
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 using RS resource 
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, where 
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 is a size for a set of RS resources provided by higher layer parameter num-pucch-pathlossReference-rs.
…….

7.3.1
UE behaviour

If a UE transmits SRS on carrier 
[image: image37.wmf]f

 of serving cell 
[image: image38.wmf]c

 using SRS power control adjustment state with index 
[image: image39.wmf]l

, the UE shall determine the SRS transmission power 
[image: image40.wmf])
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is the configured UE transmit power defined in [8, TS 38.101] for carrier 
[image: image44.wmf]f

 of serving cell 
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 in SRS transmission period 
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 is provided by higher layer parameter p0-srs for SRS resource set 
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is a downlink path-loss estimate in dB calculated by the UE for carrier 
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 of serving cell 
[image: image51.wmf]c

 and SRS resource set 
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 [6, TS 38.214] using a RS resource provided by higher layer parameter srs-pathlossReference-rs.
…….

7.4



Physical random access channel

A UE determines a transmission power for a physical random access channel (PRACH) for carrier 
[image: image53.wmf]f

 of serving cell 
[image: image54.wmf]c

 in transmission period 
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 as 
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 is the configured UE transmission power defined in [8, TS 38.101] for carrier 
[image: image58.wmf]f

 of  serving cell 
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 within transmission period 
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,  
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 is provided by higher layer parameter preambleReceivedTargetPower for carrier 
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 of  serving cell 
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, and 
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 is a pathloss calculated by the UE for carrier 
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 of serving cell 
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 in dB calculated as referenceSignalPower – higher layer filtered RSRP, where RSRP is defined in [7, TS 38.215], the higher layer filter configuration is defined in [12, TS 38.331], and referenceSignalPower is SS-PBCHBlockPower, where SS-PBCHBlockPower is provided by SystemInformationBlockType1. 

Observation 1
From the above text it results that the pathloss is the difference between the transmitted and received power, which is not correct, because are missing the antenna gains at UE and eNB.
The antenna gain depends on the antenna patterns, the MIMO equivalent antenna gain and the delineation between UE and gNB antennas, if directional or beam-formed antennas are used, etc. In practice it is very difficult to assess the real-time antenna gain.

Observation 2
The equation for computing the so called “Path Loss” is actually providing a Coupling Loss, as the coupling loss(dB) is the difference between the transmit power(dB) and the received power(dB).
Coupling loss

The Coupling Loss is used in 3GPP TR 38.913 [3]‎
 and the maximum DL coupling loss is defined as follows:

“DL MaxCL = DL Max Tx power - UE Sensitivity”
i.e. the logarithmic difference of the transmit power and the relevant received power. This equation is similar with the mathematical relation used to define the so called path loss in the highlighted text.
In TS 38.913 ‎[3] can be found an explanation indicating that the pathloss is actually a component of the coupling loss; in fact are needed at least the antenna gains for calculating the pathloss from the transmitted and the received powers:
“The coupling loss is defined as the total long-term channel loss over the link between the UE antenna ports and the eNode B antenna ports, and includes in practice antenna gains, path loss, shadowing, body loss, etc.”
From the above explanations it results that the equation in TS 38.213 is actually the equation for the coupling loss. It is technically erroneous to call the coupling loss as pathloss.
Use of coupling loss for Network Graphs

In ETSI TR 103 494 ‎[4] the Network Graphs are used by a Central Controller / Coordinator which can be within a gNB Central Unit or on Internet for calculating a priori the interference which could be caused by various transmissions.
Here is how such a network-graph looks like:
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While the CQI provides the effect of the interference posteriori and it is needed a UE report for every combination of transmit antennas and the transmit power, the edges in this network graph indicate the downlink Coupling Loss and a Coordination function within the Central Unit of the gNB can assess the interference created by an active cell of a TRP to an UE. The UE reports only the Coupling Loss.

The possible use of the Coupling Loss for CoMP in RAN3 is an additional reason to fix the existing path loss computation error or to keep the existing equations and correct the naming. 
TP for example editing of TR 38.213 based on Solution 2
Below is a short example of proposed text changes:
Start of example Text Proposal for TR 38.213
7.4
Physical random access channel

A UE determines a transmission power for a physical random access channel (PRACH) on serving cell 
[image: image68.wmf]c

 [within slot 
[image: image69.wmf]i

] as:

PPRACH,f,c (i) – min {PCMAX,f,c (i), PPRACH, target,f,c + CLf,c   [dBm], 
where 
[image: image70.wmf])
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 is the configured UE transmission power defined in [8, TS 38.133] for serving cell 
[image: image71.wmf]c

 [within slot 
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], 
[image: image73.wmf]target

PRACH,

P

 is provided by higher layer parameter [preambleReceivedTargetPower], and CLf,c  is a coupling loss calculated by the UE for serving cell 
[image: image74.wmf]c

 in dB. The UE calculates the coupling loss CLf,c  for determining 
[image: image75.wmf])
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 from a SS/PBCH block as CLf,c = SS/PBCHBlockPower – higher layer filtered RSRP, where SS/PBCHBlockPower is provided by [SystemInformationBlockType1], RSRP is defined in [7, TS 38.215], and the higher layer filter configuration is defined in [12, TS 38.331].
End of Example Text Proposal for TR 38.213

2 Proposal

RAN1 is invited to discuss Solution 1 and Solution 2 and to fix the technical error of path loss definition in TS 38.213 based on the agreed Way Forward.
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