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HANDLING UPLINK TRANSMIT POWER 
REPORTING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a 35 U.S.C. S371 national stage 
application of PCT International Application No. PCT/ 
SE2014/050032, filed on 14 Jan. 2014, which itself claims 
priority to U.S. provisional Application No. 61/752,153, filed 
14 Jan. 2013, the disclosure and content of both of which are 
incorporated by reference herein in its entirety. The above 
referenced PCT International Application was published in 
the English language as International Publication No. WO 
2014/1097.07 A1 on 17 Jul 2014. 

TECHNICAL FIELD 

0002 Embodiments herein relate to a method performed 
by a wireless terminal, a wireless terminal, a method per 
formed by a network node comprised in a cellular radio 
system, such as a telecommunications system, and to Such 
network node. In particular embodiments herein relate to 
handling of uplink transmit power reporting in a radio access 
network of the cellular radio system. 

BACKGROUND 

0003 Communication devices such as wireless devices 
may be also known as e.g. user equipments (UES), mobile 
terminals, wireless terminals and/or mobile stations. A wire 
less device is enabled to communicate wirelessly in a cellular 
communications network, wireless communications system, 
or radio communications system, sometimes also referred to 
as a cellular radio system, cellular network, cellular commu 
nications system or simply cellular system. A typical example 
of such system or network, depending on terminology used, is 
a telecommunications system for mobile communications. 
The communication may be performed e.g. between two 
wireless devices, between a wireless device and a regular 
telephone and/or between a wireless device and a server via a 
Radio Access Network (RAN) and possibly one or more core 
networks, comprised within the cellular communications net 
work. The wireless device may further be referred to as a 
mobile telephone, cellular telephone, laptop, Personal Digital 
Assistant (PDA), tablet computer, just to mention some fur 
ther examples. The wireless device may be, for example, 
portable, pocket-storable, hand-held, computer-comprised, 
or vehicle-mounted mobile device, enabled to communicate 
voice and/or data, via the RAN, with another entity, such as 
another wireless device or a server. 

0004. The cellular communications network covers a geo 
graphical area which is divided into cell areas, wherein each 
cell area is served by at least one base station, e.g. a Radio 
Base Station (RBS), which sometimes may be referred to as 
e.g. “eNB”, “eNodeB”, “NodeB', or BTS (BaseTransceiver 
Station), depending on the technology and terminology used. 
The base stations may be of different classes such as e.g. 
macro eNodeB, home eNodeB or pico base station, based on 
transmission power and thereby also cell size. A cell is the 
geographical area where radio coverage is provided accord 
ing to a Radio Access Technology (RAT) and at a carrier 
frequency by the base station at a base station site. The base 
station may support one or several communication technolo 
gies, such as RATS. Cells may overlap so that several cells 
cover the same geographical area. A base station serves a cell 
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by providing radio coverage Such that one or more wireless 
devices or terminals located in the geographical area where 
the radio coverage is provided may be served by the base 
station. One base station may serve one or several cells. When 
one base station serves several cells, these may be served 
according to the same or different RATs, and/or may be 
served at same or different carrier frequencies. The base 
stations communicate over the air interface operating on radio 
frequencies with one or more wireless devices within range of 
the base stations. 

0005. In some RANs, several base stations may be con 
nected, e.g. by landlines or microwave, to a radio network 
controller, e.g. a Radio Network Controller (RNC) in Univer 
sal Mobile Telecommunications System (UMTS), and/or to 
each other. The radio network controller, also sometimes 
termed a Base Station Controller (BSC) e.g. in GSM, may 
Supervise and coordinate various activities of the plural base 
stations connected thereto. GSM is an abbreviation for Global 
System for Mobile Communications (originally: Groupe 
Spécial Mobile). In 3rd Generation Partnership Project 
(3GPP) Long Term Evolution (LTE), base stations, which 
may be referred to as eNodeBs or eNBs, may be directly 
connected to other base stations and may be directly con 
nected to one or more core networks. 

0006 Wireless communication systems following Uni 
versal Mobile Telecommunications Systems (UMTS) tech 
nology, were developed as part of Third Generation (3G) 
Radio Systems, and is maintained by the Third Generation 
Partnership Project (3GPP). UMTS is a third generation 
mobile communication system, which evolved from the 
GSM, and is intended to provide improved mobile commu 
nication services based on Wideband Code Division Multiple 
Access (WCDMA) access technology. UMTS Terrestrial 
Radio Access Network (UTRAN) is essentially a radio access 
network using wideband code division multiple access for 
wireless devices. High Speed Packet Access (HSPA) is an 
amalgamation of two mobile telephony protocols, High 
Speed Downlink Packet Access (HSDPA) and High Speed 
Uplink Packet Access (HSUPA), defined by 3GPP that 
extends and improves the performance of existing 3rd gen 
eration mobile telecommunication networks utilizing the 
WCDMA. Moreover, the 3GPP has undertaken to evolve 
further the UTRAN and GSM based radio access network 
technologies, for example into evolved UTRAN (E-UTRAN) 
used in LTE. 

0007. The expression downlink (DL) is used for the trans 
mission path from the RAN, typically from a base station 
thereof, to the wireless device. The expression uplink (UL) is 
used for the transmission path in the opposite direction i.e. 
from the wireless device to the RAN, typically to a base 
station thereof. 

0008. As indicated above, in a typical cellular radio sys 
tem, wireless terminals, also known as mobile stations and/or 
UEs, communicate via a RAN to one or more core networks. 
The RAN covers a geographical area which is divided into 
cell areas, with each cell area being served by a base station, 
e.g., a RBS, which in some networks may also be called, for 
example, a “NodeB” (UMTS) or “eNodeB' (LTE). Each cell 
is typically identified by an identity within the local radio 
area, which is broadcast in the cell. The base stations com 
municate over the air interface operating on radio frequencies 
with UEs within range of the base stations. In some RANs, 
several base stations are typically connected (e.g., by land 
lines or microwave) to a controller node (such as a rRNC or a 
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base station controller BSC which supervises and coordinates 
various activities of the plural base stations connected thereto. 
The RNCs are typically connected to one or more core net 
works. 
0009 Radio technologies that use higher frequencies 
experience increased path loss which increases with fre 
quency. In addition, deployment in urban areas Suffers from 
difficult propagation conditions. To combat these factors, 
base stations are more often deployed in ever-tighter configu 
rations, typically with varying output power, so-called het 
erogeneous network deployments. As a result, the area in 
which a UE is physically present can be covered by or at least 
in range of several nodes. By periodically measuring the 
signal strength from several nodes, the UE can select which 
node it should be connected to. The process of changing 
connected node for a UE, i.e., the node for reception and 
transmission, is referred to as a handover for active connec 
tions and cell re-selection for idle UEs. 
0010. A heterogeneous network includes several nodes 
with different transmit powers such that coverage areas of the 
low-power and high-power nodes may overlap. See the 
example heterogeneous network shown in FIG. 1. Conse 
quently, a UE may receive higher DL signal strength from a 
high-power node than from a low-power node, even though 
the UE is physically closer to the low-power node than to the 
high-power node. In this situation, the UE also has a smaller 
path loss to the low-power node than to the high-power node. 
Given that the UE may have a best downlink to the high 
power node and a best UL to the low-power node, it would be 
beneficial to associate the UL and the DL to different nodes 
with a “UL/DL decoupling resulting. In a system that uses 
coordinated multipoint (CoMP) transmission and/or recep 
tion, this UL/DL decoupling is further applied to several 
transmit (TX) points (i.e., physical antenna sites) and/or sev 
eral receive (RX) points. The Tx and Rx points need not be the 
same but the sets may (partially) overlap. 
0011 Further, in hetnets there may be imbalance regions 
where not the same cell offers the best DL and UL. This is 
another reason why it is on interest with UL and DL decou 
pling, i.e. where different cells serve the UL and DL. How 
ever, presently in LTE the UL is assumed to be associated with 
the same cell as the DL. The association is based on DL 
pathloss and the UL pathloss is not taken into consideration. 

SUMMARY 

0012. It is an object to provide improvements facilitating 
UL and DL decoupling in e.g. hetnets. 
0013. According to a first aspect of embodiments herein, 
the object is achieved by a method, performed by a wireless 
terminal, for handling uplink transmit power reporting in a 
radio access network of a cellular radio system. The wireless 
terminal provides a respective transmit power report for at 
least one of multiple uplink reference signal transmission 
configurations comprised in the wireless terminal. Each con 
figuration configures transmission, by the wireless terminal, 
of an uplink reference signal. The respective transmit power 
report provides information about a transmit power used by 
the wireless terminal for transmitting the uplink reference 
signal. The wireless terminal sends the respective transmit 
power report to one or more network nodes of the cellular 
radio system. 
0014. According to a second aspect of embodiments 
herein, the object is achieved by computer program that when 
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executed by a processor causes a wireless terminal to perform 
the method according to the fourth aspect. 
0015. According to a third aspect of embodiments herein, 
the object is achieved by a computer program product com 
prising a computer readable medium and a computer program 
according to the second aspect stored on the computer read 
able medium. 

0016. According to a fourth aspect of embodiments 
herein, the object is achieved by a method, performed by a 
network node, for handling uplink transmit power reporting 
in a radio access network of a cellular radio system. The 
network node is comprised in the cellular radio system. The 
network node receives, from a wireless terminal, a respective 
transmit power report for at least one of multiple uplink 
reference signal transmission configurations comprised in the 
wireless terminal. Each configuration configures transmis 
Sion, by the wireless terminal, of an uplink reference signal. 
The respective transmit power report provides information 
about a transmit power used by the wireless terminal for 
transmitting the uplink reference signal. 
0017. According to a fifth aspect of embodiments herein, 
the object is achieved by computer program that when 
executed by a processor causes a network node to perform the 
method according to the first aspect. 
0018. According to a sixth aspect of embodiments herein, 
the object is achieved by a computer program product com 
prising a computer readable medium and a computer program 
according to the fifth aspect stored on the computer readable 
medium. 

0019. According to a seventh aspect of embodiments 
herein, the object is achieved by a wireless terminal for han 
dling uplink transmit power reporting in a radio access net 
work of a cellular radio system. The wireless terminal is 
configured to provide a respective transmit power report for at 
least one of multiple uplink reference signal transmission 
configurations comprised in the wireless terminal. Each con 
figuration configures transmission, by the wireless terminal, 
of an uplink reference signal. The respective transmit power 
report provides information about a transmit power used by 
the wireless terminal for transmitting the uplink reference 
signal. The wireless terminal is further configured to send the 
respective transmit power report to one or more network 
nodes of the cellular radio system. 
0020. According to an eight aspect of embodiments 
herein, the object is achieved by a network node for handling 
uplink transmit power reporting in a radio access network of 
a cellular radio system. The network node is configured to be 
comprised in the cellular radio system. The network node is 
further configured to receive, from a wireless terminal, a 
respective transmit power report for at least one of multiple 
uplink reference signal transmission configurations com 
prised in the wireless terminal. Each configuration configures 
transmission, by the wireless terminal, of an uplink reference 
signal. The respective transmit power report provides infor 
mation about a transmit power used by the wireless terminal 
for transmitting the uplink reference signal. 
0021. The cellular radio system may be according to or 
based on the LTE standard and the radio access network may 
be an E-UTRAN. In some embodiments the respective trans 
mit power report comprises or corresponds to a Power Head 
room Report (PHR) and the uplink reference signal com 
prises or corresponds to a Sounding Reference Signal (SRS) 
transmission. 
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0022. In some embodiments the network node receives, 
from the wireless terminal, the uplink reference signal 
according to said at least one uplink reference signal trans 
mission configuration. The network node may then deter 
mine, based on the received uplink reference signal and the 
received respective transmit power report, e.g. uplink quality 
and/or path loss associated with the wireless terminal. 
0023 The above described aspects and handling of the 
respective transmit power report for at least one of the mul 
tiple uplink reference signal configurations, for example 
enable a first transmit power report and uplink reference 
signal configuration to be targeted to and used for evaluating 
an uplink to a base station (corresponding to the network 
node), or reception point thereof. The base station may e.g. be 
an existing or potentially new uplink serving base station (or 
reception point hereof) for the wireless terminal. Also, the 
base station may, based on the first transmit power report and 
uplink reference signal configuration, perform power control 
of the wireless terminal. 
0024. The evaluation of the uplink and/or power control of 
the wireless terminal may, in contrast to existing solutions, be 
made independently of evaluation and/or power control of a 
downlink, e.g. to a downlink serving base station serving the 
wireless terminal in the downlink. 
0025 Embodiments herein thus facilitate separate evalu 
ation of uplink and downlink quality and separate power 
control of uplink and downlink, and thereby also support and 
facilitate uplink and downlink decoupling. 
0026. Also as should be realized, embodiments herein 
may be applied to accomplish additional reports and configu 
rations, e.g. a second transmit power report for a second 
uplink reference signal configuration etc., for example one 
report for each one of said multiple configurations. Each Such 
additional report and configuration may be targeted for, and 
independently used for, other uplinks and/or downlinks to 
other or the same base stations. When the base station is the 
same there may be different reception and/or transmission 
points involved. 
0027 Embodiments herein thus support more versatile 
and flexible solutions than currently offered e.g. in the LTE 
standard. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The foregoing and other objects, features, and 
advantages of the technology disclosed herein will be appar 
ent from the following more particular description of pre 
ferred embodiments as illustrated in the accompanying sche 
matic drawings in which reference characters refer to the 
same parts throughout the various views. The drawings are 
not necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the technology disclosed herein. 
0029 FIG. 1 is conceptual example view of a heteroge 
neous network. 
0030 FIG. 2 is a schematic block diagram depicting an 
example of a cellular radio system and wireless terminals, in 
relation to which embodiments herein are explained. 
0031 FIG. 3 is a diagrammatic view of an LTE radio 
communications system. 
0032 FIG. 4 shows a signaling diagram schematically 
illustrating an example of embodiments herein. 
0033 FIG. 5 is a diagrammatic view of an LTE downlink 
subframe. 
0034 FIG. 6 is a diagrammatic view of an LTE uplink 
Subframe showing a Sounding reference signal (SRS). 
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0035 FIG. 7 is a flowchart diagram illustrating non-lim 
iting example procedures performed by a network node. 
0036 FIG. 8 is a flowchart diagram illustrating non-lim 
iting example procedures performed by a UE. 
0037 FIG. 9 shows a non-limiting example message for 
mat for communicating an SRS power headroom report 
(PHR) from a UE. 
0038 FIGS. 10a and 10b show non-limiting examples of 
message formats for multiple SRS PHRs. 
0039 FIG. 11 is a diagram illustrating an example situa 
tion in an LTE embodiment. 
0040 FIG. 12 is a non-limiting function block diagram of 
a UE communicating with two network nodes. 
0041 FIG. 13 is a non-limiting function block diagram of 
a UE communicating with two network nodes showing fur 
ther details of each network node. 
0042 FIG. 14 is a flow chart illustrating a method, per 
formed by a wireless terminal, according to embodiments 
herein. 
0043 FIG. 15 is a schematic block diagram illustrating a 
wireless terminal according to embodiments herein. 
0044 FIG. 16 is a flow chart illustrating a method, per 
formed by a network node, according to embodiments herein. 
0045 FIG. 17 is a schematic block diagram illustrating a 
network node according to embodiments herein. 
0046 FIGS. 18a-care schematic drawings for illustrating 
embodiments related to computer program embodiments. 

DETAILED DESCRIPTION 

0047. Before presenting embodiments herein, and as part 
of the development towards embodiments herein, the situa 
tion and problem indicated in the Background will be further 
discussed. 
0048. Currently in the LTE standard, the UL is assumed to 
be associated to the network node from which the DL signal 
to the UE is transmitted. This association is based on UE 
measuring path loss on the received DL signal and does not 
take the path loss actually on the UL into consideration. The 
UL transmission of the Physical Uplink Shared Channel 
(PUSCH) may be power controlled by the base station send 
ing to the UE Transmit Power Control (TPC) commands via 
the Physical Downlink Control Channel (PDCCH). These 
commands regulate the UE's transmit power in reference to 
the UE's present transmit power setting, i.e., they are relative. 
0049. In order to assess the actual power transmitted from 
the UE, a Power Headroom Report (PHR) may be transmitted 
from the UE to the base station to inform the base station how 
much more power the UE has left before it reaches its maxi 
mum output power. PHR is needed at the network (NW) side 
of the radio interface between the base station and UE 
because the actual UE transmit power cannot be estimated at 
the NW side which undermines the accuracy of UL power 
control (PC). In addition, the NW does not know whether the 
UE has failed to receive one or more power control com 
mands. Considering that power control commands are typi 
cally cumulative, accumulated TPC command errors could be 
corrected by the NW if the UE sent a PHR to the NW. 
0050. It would be beneficial to assess the UL quality with 
respect to a potential reception point/network node, e.g. base 
station, that is not necessarily associated with power control 
of PUSCH, especially in the context of heterogeneous net 
works where the UE may be within transmission distance to 
several base stations. One example application is handling of 
handover decisions for the UL in situations where the UL and 
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DL are decoupled. Another application is in CoMP scenarios 
where it would be beneficial to assess channel quality for 
potential UL links in order to evaluate new sets of reception 
points in the CoMP set without having to actually redirect the 
PUSCH transmission. 

0051. In the LTE standard, the UE has the ability to trans 
mit known Sounding Reference Signals (SRS) on the UL 
which are known by both the UE and a base station. The SRS 
are used by the base station to estimate the UL channel quality 
for a given UE, and the estimates are used by the base station 
scheduler to place Subsequent UL transmissions on the opti 
mal part of the available frequency band. In the context of 
UL/DL decoupling, the SRS may also be used to select to 
which node(s) to associate the UL transmission. However, a 
problem is that although the SRS transmitted by the UE can 
be received at arbitrary nodes or RBSs within reach of the 
transmission, the power of the PUSCH would also need to be 
measured at the same node to determine the actual transmis 
sion power of the UE because the SRS power is signaled from 
the RBS as a ratio or quotient between the SRS and PUSCH 
power levels. It is inconvenient and computationally costly to 
measure the PUSCH power at all base stations/CoMP points 
that can receive the UE’s SRS. In addition, it requires provid 
ing the scheduling information about where in the frequency 
band the PUSCH is transmitted at all those base stations. This 
link between the PUSCH and the SRS powers makes probing 
for new potential UL reception base stations/CoMP points 
cumbersome, particularly when the UL and DL are decoupled 
(i.e., potentially distributed over; or set up to, different nodes) 
and/or UL CoMP is used. 

0.052 Another affected situation is where nodes other than 
the reception points for PUSCH estimate the induced 
(PUSCH) interference from a UE. To determine a good esti 
mate of the induced interference from PUSCH, the received 
power of the SRS needs to be sufficiently large. 
0053. In view of the above it may be concluded that is 
desirable to assess UL quality with respect to a potential 
reception point of a network node that is not necessarily 
associated with power control of PUSCH, e.g. a network node 
being a base station not serving the UE, at least not in the 
downlink. It may also be concluded that it is desirable with 
closed-loop power control of the SRS, or uplink reference 
signal transmissions in general, independently of the PUSCH 
power or other channel power. 
0054. This would e.g. facilitate separate evaluation of UL 
and DL quality and power control thereof, and thereby facili 
tate UL and DL decoupling. 
0055 FIG. 2 is a schematic block diagram depicting an 
example of parts of a RAN 202 comprised in a cellular radio 
system 201, such as an LTE based system. In case of LTE the 
RAN 202 corresponds to an E-UTRAN. The RAN 202 com 
prises a first network node 212 and a second network node 
214. The cellular radio system 201 typically also comprises a 
core network (not shown) as mentioned in the foregoing, 
which in the case of LTE is referred to as an Evolved Packet 
Core (EPC). The first network node 212 and the second net 
work node 214 communicate wirelessly with wireless termi 
nals, e.g. a first wireless terminal 210 and/or a second wireless 
terminal 211, as shown in the figure. As also already men 
tioned, wireless terminal may herein be also be referred to as 
UE. The first network node 212 and the second network node 
214 may correspond to base stations in the RAN 202. How 
ever, note that they need not correspond to serving base sta 
tions of the wireless terminal, at least not base stations serving 
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the wireless terminal in the downlink. In fact, at least the first 
network node 212 should preferably be separate from a base 
station serving the first wireless terminal 210 in the downlink, 
since, as indicated above, there are already existing solutions 
when the uplink reference signal is transmitted to a base 
station serving the first wireless terminal 210 in the downlink. 
0056. In some embodiments, e.g. in case of decoupled 
uplink and downlink, the first network node 212 may be an 
uplink serving base station for the first wireless terminal 210 
and the second network node 214 may be a downlink serving 
base station for the first wireless terminal 210, or a non 
serving base station that does not serve the first wireless 
terminal 210. 
0057 The first network node 212 and the second network 
node 214 may comprise TX point(s) and/or RX point(s), cor 
responding to antenna sites for transmitting and/or receiving 
radio signals for communication with the wireless terminals. 
Any Tx point(s) and/or receive Rx point(s) of respective 
network node 212, 214 need not be physically co-located and 
need not be physically co-located with other parts of the 
respective network node 212, 214, i.e. the first network node 
212 and/or the second network node 214 may comprise dis 
tributed parts. In view of FIG. 1, any of the first network node 
212 and the second network node 214 may correspond to any 
network node comprising the antennas providing radio cov 
erage for the cells shown in FIG.1. The first network node 212 
and the second network node 214 will be further discussed 
below. 

0058 Attention is drawn to that FIG. 2 is only schematic 
and for exemplifying purpose. The cellular radio system 201 
may, and typically will, in reality comprise several further 
network nodes, base stations, cells etc., as realized by the 
skilled person, but which are not shown herein for simplicity. 
0059 FIG.3 schematically shows an example of a cellular 
radio system being an LTE system 301, i.e. with 3GPP radio 
access technology where network nodes are base stations 
(eNodeBs)312a-c of a E-UTRAN 302 and connected to an 
EPC 303 i.e. a core network, via Access Gateways (AGWs) 
304a-b. The AGW's 304a–b are in the shown LTE example one 
or more Mobility Management Entities (MMEs)/Serving 
GateWays (S-GWs) of the EPC303. The base stations 312a-c 
communicate with each other via a so called X2 interface and 
with the AGWs via a so called S1 interface. In case of e.g. a 
GSM system instead of the LTE system 301, the base stations 
312a-c would instead be connected to RNC nodes. In general, 
in LTE the functions of a RNC node are distributed between 
base stations (eNodeBs) and AGWs. As such, the RAN of an 
LTE system has an essentially “flat architecture comprising 
base stations without reporting to RNC. The EPC 303 may 
correspond to the core network (not shown) mentioned above 
in connection with FIG. 2. The first network node 212 and/or 
the second network node 214 of FIG.2 may correspond to a 
respective one of the base stations 312a-c. The following 
example embodiments are described in the context of an LTE 
system for illustration purposes only. 
0060 Attention is drawn to that also FIG. 3 is only sche 
matic and for exemplifying purpose. The LTE system 301 
may, and typically will, in reality comprise several further 
network nodes etc. of the E-UTRAN 302 and EPC 303, as 
realized by the skilled person, but which are not shown herein 
for simplicity. 
0061 Examples of embodiments herein relating to a 
method in the first wireless terminal 210, for handling uplink 
transmit power reporting in the RAN 202 of the cellular radio 
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system 201, will now be described with reference to the 
combined signaling diagram and flowchart depicted in FIG. 
4. 
0062. The method comprises the following actions, which 
actions may be taken in any suitable order. Further, actions 
may be combined. 
0063 Action 401 
0064. The first wireless terminal 210 may obtain a trigger 
triggering provision of a respective transmit power report, see 
Action 402 below. Obtaining of the trigger may comprise 
receiving it from the first network node 212 or that the first 
wireless terminal 210 detects one or more conditions as the 
trigger. The conditions will be separately exemplified and 
further discussed below. 
0065 Action 402 
0066. The first wireless terminal 210 provides a respective 
transmit power report, e.g. PHR, for at least one of multiple 
uplink reference signal transmission configurations com 
prised in the first wireless terminal 210. Each configuration 
configures transmission, by the first wireless terminal 210, of 
an uplink reference signal, e.g. SRS. The respective transmit 
power report provides information about transmit power used 
by the first wireless terminal 210 for transmitting the uplink 
reference signal, e.g. information regarding remaining avail 
able transmit power used by the wireless terminal for trans 
mitting the uplink reference signal. APHR typically provides 
information about the transmit power by reporting remaining 
transmit power, i.e. difference between available power for 
transmitting the uplink reference signal and used power for 
transmitting the uplink reference signal. Note that, as men 
tioned above, in LTE the PHR is conventionally provided for 
PUSCH and not specifically for an uplink reference signal 
such as SRS. 
0067. How the respective transmit power reports may be 
provided will be separately described and exemplified below. 
0068 Also note that in the context of the present disclo 
Sure, process may be used synonymously with configuration, 
e.g. SRS process, is used synonymously with SRS configu 
ration. The uplink reference signal configurations, in particu 
lar in the form of SRS processes, will be described in further 
detail below. 
0069. There may e.g. be a separate transmit power report, 
e.g. PHR, provided specifically for each configuration, e.g. 
SRS process. The first wireless terminal 210 may thus com 
prise multiple report-configuration sets, where each report 
provides information about transmit power for an actual 
uplink reference signal only when or if the corresponding 
configuration is used for uplink reference signal transmis 
S1O. 

0070 Said at least one of the multiple uplink reference 
signal transmission configurations may be associated with a 
respective path loss measurement by the first wireless termi 
nal 210, which respective path loss measurement is based on 
a respective specific downlink reference radio resource, e.g. a 
downlink reference signal or downlink reference radio 
resource upon which a downlink reference signal is transmit 
ted by the network node. Examples of downlink reference 
radio resource is e.g. Channel State Information Reference 
Signal (CSI-RS) and Common Reference Signal (CRS) of a 
certain cell. The respective specific downlink reference radio 
resource may e.g. be transmitted from the first network node 
212 or second network node 214, or a Tx point thereof. Note 
that, since the respective specific downlink reference radio 
resource is transmitted by the network, e.g. a TX point asso 
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ciated with the first network node 212, there is in this case also 
an association between said at least one uplink reference 
signal transmission configuration and the first network node 
212 (e.g. more specifically the Tx point thereof). 
0071. The transmit power of the uplink reference signal 
according to said at least one uplink reference signal trans 
mission configuration may be based on said respective path 
loss measurement. 
0072. One reason for involving downlink path loss mea 
surement is so called open loop power control of the UE and 
downlink path loss measurement is a factor for determining 
what power to Suitable use when transmitting in the uplink. 
An uplink reference signal transmission configuration asso 
ciated with a path loss measurement in the downlink e.g. 
enables dynamic and/or automatic adaptation of the uplink 
reference signal transmission (according to a configuration as 
described above) to changes in the path loss. Changes in the 
path loss is typically owing to changes in the environment 
and/or location of the first wireless terminal 210. For 
example, if the first wireless terminal 210 moves so that path 
loss is worsened, ie increases, in the downlink from the first 
network node 212, the association of an uplink reference 
signal transmission configuration with the path loss enables 
the uplink reference signal to be transmitted at higher power 
to compensate for the worsening in path loss. The first net 
work node 212 (or Tx point thereof) that was transmitting the 
specific downlink reference radio resource for the path loss 
measurement should in this example also be recipient of the 
uplink reference signal. 
0073. The path loss measurement in the downlink will be 
further described and exemplified below. 
0074 The respective transmit power report may comprise 
a respective identifier identifying said at least one reference 
signal transmission configuration. This enables the first net 
work node 212 to connect a received transmit power report 
with a certain uplink reference signal transmission, making 
embodiments herein more flexible and versatile. For example 
extending applicability also to situations when there would 
otherwise be difficult or not possible for the first network 
node 212 to identify the uplink reference signal that a 
received transmit power report is for or concerns. This may 
e.g. be the case if sending of the transmit power report has not 
been triggered by the first network node 212. 
0075 Action 403 
(0076. The first wireless terminal 210 sends the respective 
transmit power report to one or more network nodes. In the 
shown example the first network node 212 is recipient. As 
should be realized the transmit power reports may be sent via 
a base station serving the first wireless terminal 210 in the 
uplink but this base station may, but need not necessarily, be 
an intended recipient and user of one or more of the transmit 
power reports and may, but need not necessarily, as already 
mentioned above, correspond to the first network node 212. 
Although the respective transmit power report is separate it 
may be sent grouped with other transmit power reports. 
0077. When the first wireless terminal 210 has obtained 
the trigger in Action 401, the respective transmit power report 
may, in response to the obtained trigger, be provided for said 
at least one uplink reference signal transmission configura 
tion and then sent according the present action. 
0078 Action 404 
(0079. The first wireless terminal 210 may transmit, for 
receipt by the one or more network nodes, the uplink refer 
ence signal according to said at least one uplink reference 

Samsung Electronics Co., Ltd. v. Asus Tech Licensing EX-1017, 20 of 31



US 2015/0358920 A1 

signal transmission configuration. In the shown example the 
first network node 212 is recipient. 
0080. Note that, although the present action is shown as a 
last action, it may additionally and/or alternatively take place 
before, between, during and/or after actions 401-403. The 
uplink reference signal may e.g. be sent continuously or 
repeatedly (typically periodically) according to said at least 
one uplink reference signal transmission configuration. This 
may be done independently of when a transmit power report 
associated with the configuration is being sent. 
0081. Action 405 
0082. The first network node 214 may determine uplink 
quality and/or path loss associated with the first wireless 
terminal 210 based on the uplink reference signal transmitted 
in Action 404 (and received by the first network node 214) and 
based on the respective transmit power report sent to and 
received by the first network node 212 in Action 403. 
I0083. Further, the first wireless terminal 210 may be 
power controlled by the first network node 212 based on the 
uplink reference signal transmitted in Action 404 (and 
received by the first network node 214) and based on the 
respective transmit power report sent to and received by the 
first network node 212 in Action 403. 

0084. It may be advantageous to, as shown in FIG.4, send 
the respective transmit power report (Action 403) prior to 
transmitting the uplink reference signal (Action 404) That is, 
the report may be provided, sent and be received by a target 
network node, e.g. the first network node 212, before the 
actual uplink reference signal transmission that the transmit 
power report concerns. An advantage here is that the report 
may already be present and be directly used by the first 
network nod 212 when it receives the uplink reference signal 
subject to the report. The first network node 212 is then 
directly able to e.g. assess uplink quality when receiving the 
uplink reference signal transmission. 
0085. In view of what has been discussed above and in the 
context of actions 401-405 it should be realized that for 
example a first transmit power report and uplink reference 
signal configuration may be targeted to and used for evaluat 
ing an uplink to a base station (e.g. the first network node 
212), or reception point thereof. The base station may e.g. be 
an existing or potentially new uplink serving base station (or 
reception point thereof) for the first wireless terminal 210. 
Also, the base station may, based on the first transmit power 
report and uplink reference signal configuration, perform 
power control of the wireless terminal. 
I0086. The evaluation of the uplink and/or power control of 
the wireless terminal may, in contrast to existing solutions, be 
made independently of evaluation and/or power control of a 
downlink, e.g. to a downlink serving base station serving the 
wireless terminal in the downlink. 

0087 Embodiments herein thus facilitate separate evalu 
ation of uplink and downlink quality and separate power 
control of uplink and downlink, and thereby also support and 
facilitate uplink and downlink decoupling. 
0088 Also as should be realized, embodiments herein 
may be applied to accomplish additional reports and configu 
rations, e.g. a second transmit power report for a second 
uplink reference signal configuration etc., for example one 
report for each one of said multiple configurations. Each Such 
additional report and configuration may be targeted for, and 
independently used for, other uplinks and/or downlinks to 
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other or the same base stations. When the base station is the 
same there may be different reception and/or transmission 
points involved. 
I0089 Embodiments herein thus support more versatile 
and/or flexible solutions than currently offered e.g. in the LTE 
standard. 
0090. To further enhance understanding of embodiments 
herein and detailed examples to follow, some particulars of 
LTE will be discussed before some more detailed examples 
follow. 
0091 LTE uses Orthogonal Frequency-Division Multi 
plexing (OFDM) in the downlink and Discrete Fourier Trans 
form (DFT)-spread OFDM in the uplink. A basic LTE down 
link physical resource is defined in terms of a time-frequency 
grid, where each resource element corresponds to one OFDM 
subcarrier during one OFDM symbol interval. In the time 
domain, LTE downlink transmissions are organized into radio 
frames of 10 ms, each radio frame consisting often equally 
sized subframes of length Tsubframe=1 ms. The resource 
allocation in LTE is typically described in terms of resource 
blocks (RB), where a resource block corresponds to one slot 
(0.5 ms) in the time domain and 12 contiguous Subcarriers in 
the frequency domain. A pair of two adjacent resource blocks 
in time direction (1.0 ms) is known as a resource block pair. 
Resource blocks are numbered in the frequency domain, 
starting with 0 from one end of the system bandwidth. In the 
frequency domain, LTE downlink uses a 15 kHz, sub-carrier 
spacing. Thus, a Resource Block (RB) corresponds to one slot 
(0.5 ms) in the time domain and 12 contiguous Subcarriers in 
the frequency domain. A Resource Element (RE) is then 
defined as one Subcarrier in the frequency domain, and the 
duration of one OFDM symbol in the time domain. 
0092 Physical layer channels in the LTE uplink are pro 
vided by the Physical Random Access CHannel (PRACH): 
the Physical Uplink Shared CHannel (PUSCH); and the 
Physical Uplink Control CHannel (PUCCH). PUCCH trans 
missions are allocated specific frequency resources at the 
edges of the uplink bandwidth (e.g. multiples of 180 kHz in 
LTE depending on the system bandwidth). PUCCH is mainly 
used by the UE to transmit control information in the uplink, 
only in sub-frames in which the UE has not been allocated any 
RBs for PUSCH transmission. The control signaling may 
include HARQ feedback as a response to a downlink trans 
mission, channel status reports (CSR), Scheduling requests, 
Channel Quality Indicators (CQIs), etc. The PUSCH is 
mainly used for data transmissions. However, this channel is 
also used for data-associated control signaling (e.g. transport 
format indications, Multiple Input Multiple Output (MIMO) 
parameters, etc). This control information is used to process 
the uplink data and is therefore transmitted together with that 
data. Downlink transmissions are dynamically scheduled. 
0093 FIG. 5 shows an example downlink subframe. A 
base station transmits control information as to which UE 
terminals data is transmitted and upon which resource blocks 
the data is transmitted in the current downlink subframe. This 
control signaling is typically transmitted in the first 1, 2, 3 or 
4 OFDM symbols in each subframe, and the number n=1, 2, 
3 or 4 is known as the Control Format Indicator (CFI) indi 
cated by the physical CFI channel (PCFICH) transmitted in 
the first symbol of the control region. The control region also 
contains physical downlink control channels (PDCCH) and 
possibly also physical HARQ indication channels (PHICH) 
carrying ACK/NACK for the uplink transmission. The down 
link subframe also contains common reference symbols 
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(CRS), which are known to the receiver and used for coherent 
demodulation of e.g. the control information. 
0094 FIG. 6 shows an example uplink transmission sub 
frame. In terms of the uplink (UL), Sounding reference sig 
nals (SRS) are known signals that are transmitted by UEs so 
that the eNodeB can estimate different uplink-channel prop 
erties. As explained above, for ease of description and not for 
limitation, SRS transmissions are used as example reference 
signals. The technology, however, applies to any type of ref 
erence signal that is known by the UE and the network node 
prior to the UE transmitting that reference signal to the net 
work node. 

0095. The SRS have time duration of a single OFDM 
symbol and are used to produce channel estimates. These 
channel estimates may be used for uplink scheduling and link 
adaptation but also for downlink multiple antenna transmis 
sion, especially in case of Time Division Duplex (TDD) 
where the uplink and downlink use the same frequencies. The 
SRS are defined in 3GPP TS 36.211 “Evolved Universal 
Terrestrial Radio Access (E-UTRA); Physical channels and 
modulation, see e.g. v11.0.0, section 5.5.3. 
0096. The configuration of SRS symbols, such as SRS 
bandwidth, SRS frequency-domain position, SRS hopping 
pattern, and SRS subframe configuration are set semi-stati 
cally as a part of RRC information element, as explained in 
e.g. 3GPP TS 36.331 “Evolved Universal Terrestrial Radio 
Access (E-UTRA); Radio Resource Control (RRC); Protocol 
specification', see e.g. v11.1.0, section 6.3.2. Therein, it is 
explained that the information element (IE) SoundingRS 
UL-Config, is used to specify the uplink Sounding RS con 
figuration for periodic and aperiodic Sounding. 
0097. In LTE, there are two types of sounding reference 
signals (SRS) transmission in LTE UL: periodic and aperi 
odic. Periodic SRS is transmitted at regular time instances as 
configured by means of RRC signaling. Aperiodic SRS is 
one-shot transmission that is triggered by signaling in the 
Physical Downlink Control Channel (PDCCH). There are 
also two different configurations related to SRS: Cell-specific 
SRS configuration and UE-specific configuration. The cell 
specific configuration in essence indicates what Subframes 
may be used for SRS transmissions within the cell. The UE 
specific configuration indicates to the terminal (e.g., UE) a 
pattern of subframes (among the subframes reserved for SRS 
transmission within the cell) and frequency-domain 
resources to be used for SRS transmission of that specific UE. 
It also includes other parameters that the UE shall use when 
transmitting the signal. Such as frequency-domain comb and 
cyclic shift. 
0098. This means that sounding reference signals from 
different UEs can be multiplexed in the time domain, by using 
UE-specific configurations such that the SRS of the two UES 
are transmitted in different subframes. Furthermore, within 
the same symbol, Sounding reference signals can be multi 
plexed in the frequency domain. The set of subcarriers is 
divided into two sets of Subcarriers, or combs, with the even 
and odd Subcarriers, respectively, in each Such set. Addition 
ally, UEs may have different bandwidths to get additional 
Frequency-Domain Multiplexing (FDM). (The comb enables 
frequency-domain multiplexing of signals with different 
bandwidths and also overlapping). Additionally, code-divi 
sion multiplexing can be used. Then different users can use 
exactly the same time- and frequency-domain resources by 
using different shifts of a basic base sequence. 
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0099 FIG. 7 is a flowchart diagram illustrating non-lim 
iting example procedures performed by a network node, e.g. 
the first network node 212. In a non-limiting example 
embodiment, the network node optionally determines 
whether a PHR for a SRS process of an UE, e.g. the first 
wireless terminal 210, is unavailable, inaccurate, or out-of 
date to sendan SRSPHR trigger message to the UE (step S1). 
Alternatively, one or more conditions may simply be detected 
by the UE or the network node as a trigger (step S2). In 
response to the trigger, the network node receives one or more 
SRS PHRs from one or more UEs (step S3) and uses the SRS 
PHR (step S4). For example, the network node may use the 
SRS PHR to determine if the UE is power limited when 
transmitting a certain SRS. As another example, the network 
node may also use received SRS PHR(s) from a UE to deter 
mine uplink channel quality and/or path loss associated with 
the UE, e.g., by combining estimated UE SRS transmit power 
based on the PHR with an estimate of received power for the 
SRS signal received at the network node. 
0100 FIG. 8 is a flowchart diagram illustrating non-lim 
iting example procedures performed by a UE, e.g. the first 
wireless terminal 210. The UE may optionally receive (step 
S10) an SRS PHR trigger message from a network node, e.g. 
the first network node 212. Alternatively, the UE may simply 
detect one or more conditions as an SRS PHR trigger (step 
S10). In response to the trigger, the UE calculates an SRS 
PHR for one or more SRS processes (step S11) and then 
transmits one or more SRS PHRs to one or more network 
nodes for each of one or more SRS processes at the UE (step 
S12). 
0101. APHR for an SRS process may include one or more 
parameters. One example parameter includes a specific SRS 
transmission power fraction of the maximum UE transmis 
sion power including other carrier's transmissions or exclud 
ing adjustments for different maximum power adjustments, 
i.e., maximum power-reduction factors (MPR), power back 
offs or/and the UE's configured maximum transmission 
power. Non-limiting examples of other maximum power 
reduction factors include: Additional-MPR (A-MPR) and 
Power Management-MPR (P-MPR). As another example, the 
SRS transmission being reported may be a reference SRS 
transmission with a preconfigured set of values but which the 
UE has not transmitted. A PHR for such SRS transmission 
may be referred to as a virtual PHR for an SRS transmission. 
Alternatively, the SRS transmission may be an actual SRS 
transmission that the UE has, or will, transmit at a certaintime 
instance. 

0102) The reported PHR from a UE to a network node for 
a specific SRS process may include an identifier that indicates 
which specific SRS process(es) are included in the PHR 
report. The identifier may correspond to the identifier men 
tioned above in connection with FIG. 4. The identifier may be 
defined based on one or more of the following examples: the 
carrier or subframe the SRS PHR is reported on or in, a flag in 
a Media Access Control (MAC) Packet Data Unit (PDU) 
when the SRS process(es) PHR(s) is reported, the order SRS 
processes are placed in the MAC PDU, etc. 
0103 FIG. 9 shows a non-limiting example message for 
mat for communicating an SRSPHR from a UE. The message 
format includes a MAC layer packet header in accordance 
with 3GPP TS 36.321, v11.0.0, section 6.1.3.6, with a field 
identified by index 1 1000 with a logical channel identifier 
(LCID) value of “SRS Power Headroom Report.” The LCID 
defines the type of MAC service data unit (SDU), e.g., SRS 
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PHR. The MAC header also includes a Length (L) field deter 
mining the length of the MAC SDU. The L field is included 
for variable-sized MACSDUs except for the last MACSDU. 
An alternative LCID index may be a value from the Rel-11 
reserved ones 01 011-1 1000. Thus, SRS Power Headroom 
Report may be assigned 10000, and 01011-011 11 and 10000 
11000 may be reserved or assigned to other MAC control 
elements. The LCID may be different from that shown in FIG. 
9. 
0104 FIGS. 10A and 10B show non-limiting examples of 
message formats for multiple SRS PHRs. The examples 
include the possibility that a report only reports for a single 
SRS process. The identifier (ID) is an SRS power control 
process identifier used in an SRS configuration and may use 
two reserved bits in section 6.1.1.3 of 3GPP TS 36.321, 
v11.0.0. Respective Power Headrooms (PHs) being reported 
by the PHRs are indicated in the figure. FIG. 10B shows 
another alternative format for multiple SRS PHRs where the 
ID is an SRS power control process identifier used in the UE 
configuration and R is a reserved bit or bits. Other example 
formats include reporting SRS PHR from multiple cells in 
line with Extended Power Headroom MAC Control Element 
specified in Section 6.1.3.6 of TS36.321 Rel-11, v11.0.0 and 
aggregating PUSCH and SRS PHR in same MAC control 
element. The MAC sub-header for SRS PHR given as 
examples 10A and 1 OB would include L field since the sizes 
are variable. In other formatting examples where the size is 
fixed the L field would not be present. In case of multiple 
reports, the ID may be omitted, and in such a case, the ID is 
implicit with respect to the order of the PH, e.g., first PH 
corresponds to SRS process with lowest ID, second PH to 
second lowest ID, etc. 
0105. The formula below is one example of how an SRS 
PHR may be determined by a UE, e.g. the wireless terminal 
210. However, other definitions of an SRS PHR are possible. 
In this example, the SRS PHR is reported by a UE for a single 
SRS process for a single carrier assuming no other transmis 
S1O. 

PHR Potax-PSRs offset(m)-10 logio(MSRs)- 
Po PuscH.(j)-C.(i)'PL firs(i) 

0106 PCMAX.c is the configured UE transmit power in a 
subframe i for serving cell c. 
0107 PSRS OFFSETc(m) is semi-statically configured 
by higher layers for m=0 and m=1 for serving cell c. For SRS 
transmission given trigger type 0, then m=0, and for SRS 
transmission given trigger type 1, then m=1. Trigger type 0 
SRS indicates periodic SRS transmission that does not 
require individual triggering of transmission of each SRS 
symbol, while trigger type 1 SRS indicates aperiodic SRS, 
i.e., SRS that are transmitted as a single instance following a 
trigger command. 
0108 MSRS,c is the bandwidth of the SRS transmission 
in subframe i for serving cell c expressed in number of 
resource blocks. 
0109 PO PUSCH.c() and C.c() are parameters defined 
by higher layer signaling. 
0110 PL' is a path loss estimate performed by the UE 
based on configured downlink reference signals and a refer 
ence transmit power. One option is to employ cell specific 
reference signals associated to the serving cells for the pur 
pose of estimating PL'. Another option is to exploit config 
urable reference signals, e.g., CSI-RS, transmitted from an 
arbitrary transmission point that does not necessarily coin 
cide with the serving cell. 
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10111 fees.(i) is determined per SRS process or groups of 
SRS processes. 
If the total transmit power of the UE for the Sounding Refer 
ence Symbol or SRS would exceed Pr(i), the UE may 
scale the SRS transmitted power Pss...(i) for the serving cell 
c in subframe i such that the condition: 

X w(i). Psrs...(i) s Pina (i) 

(0112) is satisfied, where Pses.(i) is the linear value of 
Pses...(i), where Pl(i) is the linear value of the maximum 
transmit power PCMAX in subframe i, and where w(i) is a 
scaling factor of of serving cell c and 0<w(i)s1. The w(i) 
values are the same across serving cells. 
0113 ASRSPHR transmission, or more generally a trans 
mit power report for an uplink reference signal transmission 
configuration, may be initiated by one or more of the follow 
ing example reporting methods: 
0114 (1) An eNB, e.g. the first network node 212, requests 
a UE, e.g. the wireless terminal 210, to report PHR for one or 
several SRS processes. The request may e.g. be in the form of 
a trigger message sent by the first network node 212 to the first 
wireless terminal 210. This may be considered an example of 
how the first network node 212 may send a trigger message to 
the wireless terminal 210, as discussed above in connection 
with FIG. 4 and action 401. 
0115 (2) The UE, e.g. the first wireless terminal 210, 
periodically reports PHRs for one or several SRS processes to 
the eNB based on a preconfigured periodicity. This may be 
considered an example of how the first wireless terminal 210 
may detect a condition as the trigger for providing the respec 
tive transmit power report, as discussed above in connection 
with FIG. 4 and action 401. The reporting periodicity of the 
SRS processes PHRs may be shared with other PHRs, for 
example, PHR type 1 or PHR type 2 for PUSCH and PUCCH. 
Type 1 reporting reflects the power headroom assuming 
PUSCH-only transmission on the carrier, while the Type-2 
report assumes combined PUSCH and PUCCH transmission. 
0116 (3) The UE, e.g. the first wireless terminal 210, 
reports the SRS process PHR for one or several SRS pro 
cesses when the reference symbols used to estimate pathloss 
on the downlink have changed. This may be considered a 
further example of how the first wireless terminal 210 may 
detect a condition as the trigger for providing the respective 
transmit power report, as discussed above in connection with 
FIG. 4 and action 401. The UE may, in addition to reporting 
the PHR for one or several SRS processes, also report PHR 
report type 1 and type 2 at the same reporting occasion. 
0117 (4) The UE, e.g. the first wireless terminal 210, 
reports the SRS process PHR for one or several SRS pro 
cesses when the measured pathloss for one of the SRS pro 
cesses has changed above or below a certain threshold. This 
may be considered a yet further example of how the first 
wireless terminal 210 may detect a condition as the trigger for 
providing the respective transmit power report, as discussed 
above in connection with FIG. 4 and action 401. The thresh 
old may be either an absolute or relative number or value. The 
UE may, in addition to reporting the PHR for one or several 
SRS processes, also report PHR report type 1 and type 2 at the 
same reporting occasion. 
0118 (5) The UE, e.g. the first wireless terminal 210, 
reports the SRS process PHR for one or several SRS pro 
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cesses when the configuration of the SRS itself has changed 
or the configuration of any other related channels that can 
report PHR has changed. This may be considered an even yet 
further example of how the first wireless terminal 210 may 
detect a condition as the trigger for providing the respective 
transmit power report, as discussed above in connection with 
FIG. 4 and action 401. The UE may, in addition to reporting 
the PHR for one or several SRS processes, also report PHR 
report type 1 and type 2 at the same reporting occasion. 
0119 Non-limiting examples of changes to the SRS pro 
cess or PHR reporting mechanism include: the pathloss from 
the downlink reference resource changes compared to a 
threshold, the set of SRS processes that share the accumulated 
TPC command changes, and/or the reporting periodicity of 
PHR changes for one or several SRS processes. 
0120. As a further example, a transmit power control 
(TPC) accumulation function for PHRs and for power con 
trolling of the SRS transmission may be independently con 
figured per SRS process or may be configured to be shared 
between certain SRS processes. SRSTPC commands may be 
sent independently to a specific SRS process or processes, 
and hence, not affect the closed-loop power control for 
PUSCH or PUCCH. In such an example case, the SRS trans 
mitted power may look as follows: 

0121 , where the parameters are the same as for the above 
example PHR formula for an SRS process, with the difference 
that they are given for specific carrier c. In another example, 
a path loss component of the SRS power control formula is 
configured at a higher protocol layer towards specified refer 
ence signals. The UE, e.g. the first wireless terminal 210, may 
be configured by the eNB e.g. the first network node 212, to 
measure the path loss on a specific reference radio resource 
Such as: a specific channel State information-reference signals 
(CSI-RS), sets of CSI-RS, or a common reference signal 
(CRS) of a certain cell. This enables the network to configure 
the UE to control its SRS transmit power towards the network 
node that transmits a specific downlink reference resource 
while maintaining a connection to another network node as 
well. Hence, the SRS transmitted power may then be 
extended as: 

I0122 where PL is the pathloss for the specific configured 
reference radio resource used by the UE for the SRS trans 
mission. 
0123. In multi-point coordination scenarios with cooper 
ating nodes, it may be desirable to determine the interference 
induced by the served UEs in the cooperating cluster. Infor 
mation about interference may be used for interference sup 
pression methods and/or better Scheduling and link adapta 
tion decisions. FIG. 11 shows an example scenario for Such 
situation. Wireless terminals UE1 and UE2 are shown com 
municating with a network node Node A and a network node 
Node B. Wireless terminal UE1 may e.g. correspond to any 
one of the first wireless terminal 210 and the second wireless 
terminal 211 and the wireless terminal UE to the other one of 
the first wireless terminal 210 and the second wireless termi 
nal 211. Similarly network node Node A may correspond to 
the first network node 212 and the network node Node B may 
correspond to the second network node 214. In the shown 
example UE1 is served by Node A and the UE2 by Node B. 

Dec. 10, 2015 

When UEs transmit over the PUSCH to their respective serv 
ing nodes, they also cause interference at non-serving nodes, 
e.g. UE1 cause interference at Node B. Accurate knowledge 
of the induced interference may be obtained by estimating the 
channel between the UE and the non-serving node, e.g. 
between UE1 and Node B, using the SRS sent by the UE, in 
the example UE1. Especially in the case of UL MIMO, the 
channel knowledge may be used by one or multiple distrib 
uted schedulers to coordinate the pre-coder choice for the 
PUSCH transmissions. It is realized that embodiments herein 
may be used for and facilitate gaining such knowledge. 
0.124. To provide accurate channel estimates, the received 
power of the SRS transmitted by the UE needs to be suffi 
ciently high. Hence, it is desirable to power control the SRS 
with respect to the path loss to the node with highest path loss 
among the cooperating, i.e. involved, nodes. This may be 
accomplished for example by slightly modifying the SRS 
power control formula from above as follows: 

0.125 where PL is the maximum pathloss for, e.g., a set 
of higher-layer configured measurement resources. For 
example, in the scenario in FIG. 11, NodeA may transmit 
measurement resource configuration A, and NodeB may 
transmit measurement resource configuration B. The UE is 
higher-layer configured to control its transmit power with 
respect to the largest path loss among the measurement 
resource configurations A and B. A PHR (e.g. in addition to 
other triggers) may then be triggered when maximum path 
loss is Switched between the measurement resources. 

0.126 Note that both the first wireless terminal 210 and the 
second wireless terminal 211, as well as both the wireless 
terminals UE1 and UE2 may operate according to embodi 
ments herein. 

I0127 FIG. 12 shows portions of an example telecommu 
nications network, and particularly two network nodes, e.g., a 
first network node 12 and a second network node 14. The first 
network node 12 may correspond to the first network node 
212 and the second network node 14 may correspond to the 
second network node 214. The first network node 12 and 
second network node 14 may or may not be members of a 
same radio access network. In a Long-Term Evolution (LTE) 
context, the first network node 12 and the second network 
node 14 may be base station nodes. In other contexts or other 
types of radio access networks, the first network node 12 
and/or the second network node 14 may be some other type of 
node. The first network node 12 and the second network node 
14 communicate over a radio interface with a UE 10 that 
includes a radio communications circuitry 20, one or more 
data and signaling processors 22, and one or more user inter 
faces 28. The UE 10 may correspond to the wireless terminal 
210. The data and signaling processors 22 includes an SRS 
PHR processor 23 for managing one or more SRS processes. 
Two SRS processes 24 and 26 are shown in this example. 
Each SRS process may receive an SRS trigger from a corre 
sponding network node, and in response, the SRS PHR pro 
cessor 23 sends an SRSPHR to that triggering node as shown. 
Alternatively, the SRS PHR processor 23 may detect one or 
more conditions as an SRS PHR trigger. In response to a 
trigger, the SRSPHR processor 23 calculates an SRSPHR for 
each of one or more SRS processes triggered and generates 
one or more SRS PHRs to be transmitted via the radio com 
munications circuitry 20 to one or more of the network nodes. 
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0128 FIG. 13 shows other portions of the example tele 
communications network with further example details for the 
first network node 12 and second network node 14. The first 
network node 12 and the second network node 14 each com 
municate over the radio interface with UE 10 using respective 
radio communications circuitry 36 and 46 and can commu 
nicate with each other as well as with other network nodes via 
respective communication interfaces 34 and 44. Each node 
includes one or more respective data and signaling processors 
30 and 40 that each includes one or more SRSPHR processor 
(s)32 and 42 for managing one or more SRS processes, and if 
network node triggers are used, they monitor trigger condi 
tions and generate trigger signals to be sent to appropriate 
UE(s) via respective radio communications circuitry. For 
example, the SRS PHR processor(s) 32 and 42 may be pro 
grammed to determine whether a PHR for a UE SRS process 
is unavailable, inaccurate, or out-of-date to sendan SRSPHR 
trigger message to the UE. In response to the trigger, the SRS 
PHR processor(s)32 and 42 receive one or more SRS PHRs 
from one or more UEs and use the SRS PHR to determine if 
the UE is power limited when transmitting a certain SRS 
resource. The SRS PHR processor(s) 32 and 42 may also use 
received SRS PHR(s) to determine uplink channel quality 
and/or path loss associated with the UE, e.g., by combining 
estimated UE SRS transmit power based on the PHR with an 
estimate of received power for the SRS signal received at the 
network node which is determined by the SRSPHR processor 
(s) 32 and 42. 
0129. Embodiments herein relating to a method, per 
formed by the first wireless terminal 210, for handling uplink 
transmit power reporting in the radio access network 202, will 
now be further elaborated and described with reference to the 
flowchart depicted in FIG. 14. 
0130. The method comprises the following actions, which 
actions may be taken in any suitable order. Further, actions 
may be combined. 
0131 Action 1401 
0132) The first wireless terminal 210 may obtain a trigger 
triggering the provision of the respective transmit power 
report according to Action 1402 below. Obtaining the trigger 
may comprise receiving a trigger message from the first net 
work node 212 or the first wireless terminal 210 may detect 
one or more conditions as the trigger. 
0133. This action may fully or partly correspond to action 
401 and S10 discussed above. 

0134) Action 1402 
0135 The first wireless terminal 210 provides a respective 
transmit power report for at least one of multiple uplink 
reference signal transmission configurations comprised in the 
first wireless terminal 210. Each configuration configures 
transmission, by the first wireless terminal 210, of an uplink 
reference signal. The respective transmit power report pro 
vides information about a transmit power used by the first 
wireless terminal 210 for transmitting the uplink reference 
signal. The respective transmit power report may comprise a 
respective power headroom report (PHR) and/or the uplink 
reference signal may comprise a sounding reference signal 
(SRS). 
0136. In some embodiments, said at least one uplink ref 
erence signal transmission configuration is associated with a 
respective path loss measurement by the first wireless termi 
nal 210, which respective path loss measurement is based on 
a specific downlink reference radio resource. The transmit 
power of the uplink reference signal according to said at least 
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one uplink reference signal transmission configuration may 
be based on the respective path loss measurement associated 
with said at least one uplink reference signal transmission 
configuration. 
0.137 Further, in some embodiments, said respective 
transmit power report comprises a respective identifier iden 
tifying said at least one reference signal transmission con 
figuration. 
0.138 Each of the multiple uplink reference signal trans 
mission configurations may comprise a set of parameters that 
indicates one or more of the following: 
0.139 how transmission of the uplink reference signal is 
triggered, 
0140 how transmission of the uplink reference signal has 

its path loss estimate defined, 
0141 whether transmission of the uplink reference signal 
is unique for a certain frequency carrier, 
0.142 which time and/or frequency resources should be 
used for transmission of the uplink reference signal, 
0.143 what timing alignment if any is needed, and/or 
0144 whether the configuration has a corresponding 
uplink reference signal specific power-control loop. 
0145 This action may fully or partly correspond to action 
402 and S11 discussed above. 
0146 Action 1403 
0147 The first wireless terminal 210 sends the respective 
transmit power report to one or more network nodes, e.g. the 
first network node 212, of the cellular radio system 201. 
0.148. This action may fully or partly correspond to action 
403 and S12 discussed above. 
0149 Action 1404 
0150. The first wireless terminal 210 transmits, for receipt 
by the one or more network nodes, e.g. the first network node 
212, the uplink reference signal according to said at least one 
uplink reference signal transmission configuration. 
0151. This action may fully or partly correspond to action 
404 discussed above. 
0152 To perform the actions 1401-1404 for handling 
uplink transmit power reporting in the radio access network 
202, the first wireless terminal 210 may comprise an arrange 
ment schematically depicted in FIG. 15. 
0153. The first wireless terminal 210 typically comprise a 
receiving port 1501 configured to participate in downlink 
wireless transmission. The receiving port 1501 may fully or 
partly correspond to the radio communications circuitry 20 in 
FIG. 12. 

0154. In some embodiments, the first wireless terminal 
210, or an obtaining circuitry 1502 comprised in the first 
wireless terminal 210, is configured to obtain the trigger 
triggering the provision of the respective transmit power 
report. Configured to obtain the trigger may comprise the first 
wireless terminal 210, or the obtaining circuitry 1502, being 
configured to receive the trigger message from the first net 
work node 212 or the first wireless terminal 210, e.g. the 
obtaining circuitry 1502, being configured detect said one or 
more conditions as the trigger. The obtaining circuitry 1502 
may fully or partly correspond to the radio communications 
circuitry 20 and/or data and signalling processor(s) 22 in FIG. 
12. 
0155 The first wireless terminal 210, or a providing cir 
cuitry 1503 comprised in the first wireless terminal 210, is 
configured to provide the respective transmit power report for 
said at least one of multiple uplink reference signal transmis 
sion configurations comprised in the first wireless terminal 
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210. The providing circuitry may fully or partly correspond to 
the data and signalling processor(s) 22 and/or SRS power 
headroom processor 23 in FIG. 12. 
0156 Further, the first wireless terminal 210, or a sending 
port 1504 comprised in the first wireless terminal 210, may be 
configured to send the respective transmit power report to said 
one or more network nodes, e.g. the first network node 212, of 
the cellular radio system 201. The sending port 1504 may 
fully or partly correspond to the radio communications cir 
cuitry 20 in FIG. 12. 
O157. In some embodiments, the first wireless terminal 
210, e.g. the sending port 1504, is further configured to trans 
mit, for receipt by the one or more network nodes, e.g. the first 
network node 212, the uplink reference signal according to 
said at least one uplink reference signal transmission configu 
ration. 
0158. In general, the sending port 1504 may be configured 
to participate in uplink wireless transmission. 
0159. The embodiments of the first wireless terminal 210 
may be fully or partly implemented through one or more 
processors, such as a processor 1505 depicted in FIG. 15, 
together with a computer program for performing the func 
tions and actions of embodiments herein. In some embodi 
ments the circuitry and ports discussed above may be fully or 
partially implemented by the processor 1505. The processor 
1505 may fully or partly correspond to the data and signalling 
processor(s) 22 in FIG. 12. 
0160. In some embodiments, illustrated with support from 
the schematic drawings in FIGS. 18a-c, further explained 
separately below, there is provided a computer program 
1801 a comprising instructions that when executed by a a data 
processing apparatus, e.g. the processor 1505, causes the first 
wireless terminal 210 to perform the method according to 
embodiments herein as described above. 

0161 In some embodiments, also illustrated with support 
from the schematic drawings in FIGS. 18a-c, there is pro 
vided a computer program product, comprising a computer 
readable medium on which the computer program 1801a is 
stored. Examples of the a computer-readable medium is a 
memory card or a memory stick 1802a as in FIG.18a, a disc 
storage medium 1803a such as a CD or DVD as in FIG. 18b, 
a mass storage device 1804a as in FIG. 18c. The mass storage 
device 1804a is typically based on hard drive(s) or Solid State 
Drive(s) (SSD). The mass storage device 1804a may be such 
that is used for storing data accessible over a computer net 
work 1805a, e.g. the Internet or a Local Area Network (LAN). 
0162 The computer program 1801 a may furthermore be 
provided as a pure computer program or comprised in a file or 
files. The file or files may be stored on the computer-readable 
memory and e.g. available through download e.g. over the 
computer network 1805a, such as from the mass storage 
device 1804a via a server. The server may e.g. be a web or file 
transfer protocol (ftp) server. The file or files may e.g. be 
executable files for director indirect download to and execu 
tion on the wireless terminal 210, e.g. on the processor 1505, 
or may be for intermediate download and compilation involv 
ing the same or another processor to make them executable 
before further download and execution. 

0163 The wireless terminal 210 may further comprise a 
memory 1506 comprising one or more memory units. The 
memory 1506 is arranged to store data, Such as configurations 
and/or applications involved in or for performing the func 
tions and actions of embodiments herein. 
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0164. Those skilled in the art will also appreciate that the 
ports and circuitry 1501-1505 may refer to a combination of 
analog and digital circuits, and/or one or more processors 
configured with Software and/or firmware (e.g., stored in 
memory) that, when executed by the one or more processors 
such as the processor 1505, perform as described above. One 
or more of these processors, as well as the other digital hard 
ware, may be included in a single application-specific inte 
grated circuit (ASIC), or several processors and various digi 
tal hardware may be distributed among several separate 
components, whether individually packaged or assembled 
into a system-on-a-chip (SoC). 
0.165. As a further example, the wireless terminal 210 may 
comprise a processing unit 1507, which may comprise one or 
more of the circuit(s) and/or port(s) etc mentioned above. As 
used herein, the term “processing circuit” may relate to a 
processing unit, a processor, an application specific inte 
grated circuit (ASIC), a field-programmable gate array 
(FPGA) or the like. As an example, a processor, an ASIC, an 
FPGA or the like may comprise one or more processor ker 
nels. In some examples, the processing circuit may be embod 
ied by a software and/or hardware module. 
0166 Embodiments herein relating to a method, per 
formed by the first network node 212, for handling uplink 
transmit power reporting in the radio access network 202, will 
now be further elaborated and described with reference to the 
flowchart depicted in FIG. 16. 
0167. The method comprises the following actions, which 
actions may be taken in any suitable order. Further, actions 
may be combined. 
(0168 Action 1601 
0169. The first network node 212 may send, to the first 
wireless terminal 210, a trigger for triggering the first wireless 
terminal 210 to provide the respective transmit power report 
according to Action 1602 below. 
0170 This action may fully or partly correspond to action 
401 and/or S1 and/or S2 discussed above. 

(0171 Action 1602 
0172. The first network node 212 receives, from the first 
wireless terminal 210, a respective transmit power report for 
at least one of multiple uplink reference signal transmission 
configurations comprised in the first wireless terminal 210. 
Each configuration configures transmission, by the first wire 
less terminal 210, of an uplink reference signal. The respec 
tive transmit power report provides information about a trans 
mit power used by the first wireless terminal 210 for 
transmitting the uplink reference signal. The respective trans 
mit power report may comprise a respective power headroom 
report (PHR), and/or the uplink reference signal may com 
prise a sounding reference signal (SRS). 
0173 Said at least one uplink reference signal transmis 
sion configuration may be associated with a respective path 
loss measurement by the first wireless terminal 210, which 
respective path loss measurement is based on a specific down 
link reference radio resource. The transmit power of the 
uplink reference signal transmitted according to said at least 
one uplink reference signal transmission configuration may 
be based on the path loss measurement associated with said at 
least one uplink reference signal transmission configuration. 
0.174. In some embodiments, said respective transmit 
power report comprises a respective identifier identifying 
said at least one uplink reference signal transmission configu 
ration. 
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0.175. This action may fully or partly correspond to action 
403 and/or S3 discussed above. 
(0176 Action 1603 
(0177. The first network node 212 may receive, from the 
first wireless terminal 210, the uplink reference signal accord 
ing to said at least one uplink reference signal transmission 
configuration. 
0178. This action may fully or partly correspond to action 
404 discussed above. 
0179 Action 1604 
0180. The first network node 212 may determine, based on 
the received uplink reference signal and the received respec 
tive transmit power report, uplink quality and/or path loss 
associated with the first wireless terminal 210. 
0181. This action may fully or partly correspond to action 
405 and/or S4 discussed above. 
0182 To perform the actions 1601-1603 for handling 
uplink transmit power reporting in the radio access network 
202, the first network node 212 may comprise anarrangement 
schematically depicted in FIG. 17. 
0183. The first network node 212, or a receiving port 1701 
comprised in first network node 212, is configured to receive, 
from the first wireless terminal 210, the respective transmit 
power report for said at least one of multiple uplink reference 
signal transmission configurations. The first network node 
212, e.g. the receiving port 1701, may be further configured to 
receive, from the first wireless terminal 210, the uplink ref 
erence signal according to said at least one uplink reference 
signal transmission configuration. In general, the receiving 
port 1701 may be configured to participate in uplink wireless 
reception. The receiving port 1701 may fully or partly corre 
spond to the radio communications circuitry 36 in FIG. 13. 
0184 The first network node 212, or a determining cir 
cuitry 1702 comprised in first network node 212, may be 
configured to determine, based on the received uplink refer 
ence signal and the received respective transmit power report, 
said uplink quality and/or path loss associated with the first 
wireless terminal 210. The determining circuitry 1702 may 
fully or party correspond to the data and signaling processors 
(s)30 and/or the PHR SRS processor(s)32 in FIG. 13. 
0185. The first network node 212, or a sending port 1703 
comprised in first network node 212, may be configured to 
send, to the first wireless terminal 210, said trigger for trig 
gering the first wireless terminal 210 to provide the respective 
transmit power report. In general, the sending port 1703 may 
be configured to participate in downlink wireless transmis 
sion. The sending port 1703 may fully or partly correspond to 
the radio communications circuitry 36 in FIG. 13. 
0186 The embodiments of the first network node 212 may 
be fully or partly implemented through one or more proces 
sors, such as a processor 1704 depicted in FIG. 17, together 
with a computer program for performing the functions and 
actions of embodiments herein. In some embodiments the 
circuitry and ports discussed above may be fully or partially 
implemented by the processor 1704. The processor 1704 may 
fully or partly correspond to the data and signaling processors 
(s)30 and/or the PHR SRS processor(s)32 in FIG. 13. 
0187. In some embodiments, illustrated with support from 
the schematic drawings in FIGS. 18a-c, further explained 
separately below, there is provided a computer program 
1801b comprising instructions that when executed by a a data 
processing apparatus, e.g. the processor 1704, causes the first 
network node 212 to perform the method according to 
embodiments herein as described above. 
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0188 In some embodiments, also illustrated with support 
from the schematic drawings in FIGS. 18a-c, there is pro 
vided a computer program product, comprising a computer 
readable medium on which the computer program 1801b is 
stored. Examples of the a computer-readable medium is a 
memory card or a memory stick 1802b as in FIG.18a, a disc 
storage medium 1803b such as a CD or DVD as in FIG. 18b, 
a mass storage device 1804b as in FIG. 18c. The mass storage 
device 1804b is typically based on hard drive(s) or Solid State 
Drive(s) (SSD). The mass storage device 1804b may be such 
that is used for storing data accessible over a computer net 
work 1805b, e.g. the Internet or a Local Area Network (LAN). 
0189 The computer program 1801b may furthermore be 
provided as a pure computer program or comprised in a file or 
files. The file or files may be stored on the computer-readable 
memory and e.g. available through download e.g. over the 
computer network 1805b, such as from the mass storage 
device 1804b via a server. The server may e.g. be a web or ftp 
server. The file or files may e.g. be executable files for direct 
or indirect download to and execution on the first network 
node 212, e.g. on the processor 1704, or may be for interme 
diate download and compilation involving the same or 
another processor to make them executable before further 
download and execution. 
0190. The first network node 212 may further comprise a 
memory 1705 comprising one or more memory units. The 
memory 1705 is arranged to store data, Such as configurations 
and/or applications involved in or for performing the func 
tions and actions of embodiments herein. 

0191 Those skilled in the art will also appreciate that the 
ports and circuitry 1701-1703 may refer to a combination of 
analog and digital circuits, and/or one or more processors 
configured with Software and/or firmware (e.g., stored in 
memory) that, when executed by the one or more processors 
such as the processor 1704, perform as described above. One 
or more of these processors, as well as the other digital hard 
ware, may be included in a single application-specific inte 
grated circuit (ASIC), or several processors and various digi 
tal hardware may be distributed among several separate 
components, whether individually packaged or assembled 
into a system-on-a-chip (SoC). 
0.192 As a further example, the network node 212 may 
comprise a processing unit 1706, which may comprise one or 
more of the circuit(s) and/or port(s) etc mentioned above. As 
used herein, the term “processing circuit” may relate to a 
processing unit, a processor, an application specific inte 
grated circuit (ASIC), a field-programmable gate array 
(FPGA) or the like. As an example, a processor, an ASIC, an 
FPGA or the like may comprise one or more processor ker 
nels. In some examples, the processing circuit may be embod 
ied by a software and/or hardware module. 
0193 FIGS. 18a-c, already mentioned above, are sche 
matic drawings for illustrating embodiments related to com 
puter program embodiments and have been used and dis 
cussed above. Note that the same FIGS.18a-chave been used 
to illustrate separate embodiments regarding the first wireless 
terminal 210 and the first network node 212. The only reason 
for this is to avoid duplicating the illustrations in FIG. 18a-c, 
and shall thus not be construed as that e.g. computer programs 
related to the first wireless terminal 210 and first network 
node 212 are the same and/or need to be stored together on the 
same computer readable medium. To accentuate that FIGS. 
18a-c in fact show separate embodiments, different numerals 
have been used for the same element show in FIGS. 18a-c, 
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e.g. there are two separate computer programs 1801a and 
1801b, which may be on respective separate computer read 
able medium, e.g. the computer program 1801a on memory 
Stick 1802a, and separate from this, the computer program 
1801b on another memory stick 1802b. 
0194 The technology described above may provide one or 
more Power Headroom Report(s) (PHR(s)), or other type of 
transmit power report, specifically for a UE's reference signal 
transmissions, e.g., SRS transmissions, to each of one or more 
network nodes. The PHR(s) may then be used for example to 
provide closed-loop power control specific to that reference 
signal and preferably independent of the power of other 
uplink transmissions, e.g., other data channels such as 
PUSCH transmissions in LTE. For ease of description and not 
for limitation, PHR(s) are used as example transmit power 
reports, and SRS transmissions are used as example reference 
signals. But the technology applies to any type of transmit 
power report and/or reference signal that is known by the UE 
and the network node prior to the UE transmitting that refer 
ence signal to the network node. 
0.195 The technology disclosed herein may provide a UE 
with one or more SRS processes or configurations. Each SRS 
process or configuration may be associated with one network 
node that the UE is within communication range of. Example 
network nodes include macro base stations, low power base 
stations, CoMP Tx and Rx points, etc. An SRS process or 
configuration may include a set of parameters that defines that 
the UE is capable of transmitting SRS, e.g., in a set of one or 
more subframes, and indicates for example how SRS trans 
mission from the UE is triggered, how the SRS transmission 
has its path loss estimate defined, whether the SRS transmis 
sion is unique for a certain frequency carrier, which time 
and/or frequency resources should be used for SRS transmis 
Sion, what timing alignment if any is needed, and/or whether 
the SRS process has a corresponding SRS-specific power 
control loop. Other parameters may be included. APHR may 
be sent by the UE for each of one or more SRS processes 
active at the UE to one or more network nodes. 
0196. Further, according to the technology disclosed 
herein, a UE may optionally receive an SRS PHR trigger 
message from a network node. Alternatively, the UE may 
simply detect one or more conditions as an SRS PHR trigger. 
In response to the trigger, the UE may calculate an SRS PHR 
for one or more SRS processes and then transmit one or more 
SRS PHRs to one or more network nodes for each of one or 
more SRS processes at the UE. 
0.197 Moreover, the technology disclosed herein may 
concern and/or involve methods in one or more network 
nodes for triggering UE uplink reference signal-specific 
transmit power report(s) from a UE, e.g., SRSPHR(s). Again, 
using a SRS PHR as a non-limiting example for description 
purposes, SRS PHR(s) are received from a UE for each SRS 
process. The network node may determine from one or more 
received PHR(s) if the UE is power limited or close to power 
limited when transmitting SRS. The network node may also 
use received SRS PHR(s) from a UE to determine uplink 
channel quality and/or path loss associated with the UE, e.g., 
by combining estimated UE SRS transmit power based on the 
PHR with an estimate of received power for the SRS signal 
received at the network node. 
0198 Additionally, according to the technology disclosed 
herein, a network node may optionally determine whether a 
PHR for a UE SRS process is unavailable, inaccurate, or out 
of date, and if so, send an SRS PHR trigger message to the 
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UE. Alternatively, one or more conditions may simply be 
detected by the UE or the network node as an SRS PHR 
trigger. In response to the SRSPHR trigger, the network node 
receives one or more SRS PHRs from one or more UEs and 
uses the SRS PHR, e.g., as described above. 
(0199. As used herein, the term “node' and/or “network 
node' may encompass nodes using any technology including, 
e.g., high speed packet access (HSPA), long-term evolution 
(LTE), code-division multiple access (CDMA) 2000, GSM, 
etc. or a mixture oftechnologies such as with a multi-standard 
radio (MSR) node (e.g., LTE/HSPA, GSM/HS/LTE, 
CDMA2000/LTE, etc). Furthermore, the technology 
described herein may apply to different types of nodes e.g., 
base station, eNode B, Node B, relay, base transceiver station 
(BTS), donor node serving a relay node (e.g., donor base 
station, donor Node B, donor eNB), supporting one or more 
radio access technologies, and transmit and receive points in 
a CoMP context. 

0200. Note that examples and/or embodiments described 
herein are not mutually exclusive. Rather, concepts and com 
ponents from one example and/or embodiment may be com 
bined with other examples and/or embodiments. 
0201 Example advantages of the technology and embodi 
ments herein include the fact that the power control mecha 
nism for the UEs reference signaling, e.g., SRS, is separated 
from other uplink channels, e.g., the PUSCH, and thus func 
tions independently of the uplink channel. This is important 
when the uplink and downlink are decoupled, which is a 
typical case in a heterogeneous network scenario, and in any 
situation where the UE reference signaling power control 
must be able to function as a separate power control entity. In 
an LTE specific application, because a network node can now 
know the transmit power level of the SRS for a specific 
UE/SRS process, the node can combine this power level with 
the already known power level of the PUSCH to improve link 
adaptation of the PUSCH. Other example applications for an 
independent power control for SRS as compared to, e.g., 
PUSCH, include targeting different reception point(s) with 
SRS as compared to UL data channels. 
0202 Embodiments herein may relate to a method per 
formed by a base station comprised in a cellular system, Such 
as a telecommunications system for mobile communications, 
the base station, a method performed by a user equipment, 
and the user equipment. In particular, embodiments herein 
may be applied for or in the context of cell reselection for the 
user equipment. 
0203 Embodiments herein have been described above 
with reference to the drawings, such as block diagrams and/or 
flowcharts. It is understood that several blocks of the block 
diagrams and/or flowchart illustrations, and combinations of 
blocks in the block diagrams and/or flowchart illustrations, 
may be implemented by computer program instructions. 
Such computer program instructions may be provided to a 
processor of a general purpose computer, a special purpose 
computer and/or other programmable data processing appa 
ratus, e.g. any processor or processing unit described above, 
just to mention some example. 
0204 The computer program instructions may be pro 
vided to produce a machine. Such that the instructions, which 
execute via a processor of a computer and/or other program 
mable data processing apparatus, create means for imple 
menting the functions/acts specified in the block diagrams 
and/or flowchart block or blocks of the present disclosure. 
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0205 As already mentioned, the above-mentioned com 
puter program instructions may be stored in a computer 
readable memory that can direct a computer or other pro 
grammable data processing apparatus to function in a 
particular manner, such that the instructions stored in the 
computer-readable memory produce an article of manufac 
ture including instructions which implement the function/act 
specified in the block diagrams and/or flowchart block or 
blocks of the present disclosure. 
0206. The computer program instructions may also be 
loaded onto a computer or other programmable data process 
ing apparatus to cause a series of operational steps to be 
performed on the computer or other programmable apparatus 
to produce a computer-implemented process such that the 
instructions which execute on the computer or other program 
mable apparatus provide steps for implementing the func 
tions/acts specified in the block diagrams and/or flowchart 
block or blocks of the present disclosure. 
0207 As used herein, the term “memory” may refer to a 
hard disk, a magnetic storage medium, a portable computer 
diskette or disc, flash memory, random access memory 
(RAM) or the like. Furthermore, the memory may be an 
internal register memory of a processor. 
0208. As used herein, the expression “configured to may 
mean that a processing circuit is configured to, or adapted to, 
by means of software or hardware configuration, perform one 
or more of the actions described herein. 
0209. As used herein, the terms “number”, “value” may be 
any kind of digit, such as binary, real, imaginary or rational 
number or the like. Moreover, “number”, “value' may be one 
or more characters, such as a letter or a string of letters. 
“number”, “value' may also be represented by a bit string. 
0210. As used herein, the expression “in some embodi 
ments' has been used to indicate that the features of the 
embodiment described may be combined with any other 
embodiment disclosed herein. 
0211. As used herein, the expression “transmit” and 
'send' are typically interchangeable. These expressions may 
include transmission by broadcasting, uni-casting, group 
casting and the like. In this context, a transmission by broad 
casting may be received and decoded by any authorized 
device within range. In case of uni-casting, one specifically 
addressed device may receive and encode the transmission. In 
case of group-casting, a group of specifically addressed 
devices may receive and decode the transmission. 
0212. When using the word “comprise' or “comprising” it 
shall be interpreted as non-limiting, i.e. meaning "consist at 
least of. 
0213. In the drawings and specification, there have been 
disclosed exemplary embodiments of the invention. How 
ever, many variations and modifications can be made to these 
embodiments without Substantially departing from the prin 
ciples of the present invention. Accordingly, although specific 
terms are employed, they are used in a generic and descriptive 
sense only and not for purposes of limitation. 
0214) Even though embodiments of the various aspects 
have been described, many different alterations, modifica 
tions and the like thereof will become apparent for those 
skilled in the art. The described embodiments are therefore 
not intended to limit the scope of the present disclosure. 

1. A method, performed by a wireless terminal, for han 
dling uplink transmit power reporting in a radio access net 
work of a cellular radio system, wherein the method com 
prises: 
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providing a respective transmit power report for at least one 
of multiple uplink reference signal transmission con 
figurations comprised in the wireless terminal, each con 
figuration configuring transmission, by the wireless ter 
minal, of an uplink reference signal, the respective 
transmit power report providing information about a 
transmit power used by the wireless terminal for trans 
mitting the uplink reference signal, and 

sending the respective transmit power report to one or more 
network nodes of the cellular radio system. 

2. The method as claimed in claim 1, wherein said at least 
one uplink reference signal transmission configuration is 
associated with a respective path loss measurement by the 
wireless device, which respective path loss measurement is 
based on a specific downlink reference radio resource. 

3. The method as claimed in claim 2, wherein the transmit 
power of the uplink reference signal according to said at least 
one uplink reference signal transmission configuration is 
based on the respective path loss measurement associated 
with said at least one uplink reference signal transmission 
configuration. 

4. The method as claimed in claim 1, wherein the method 
further comprises: 

transmitting, for receipt by the one or more network nodes, 
the uplink reference signal according to said at least one 
uplink reference signal transmission configuration. 

5. The method as claimed in claim 1, wherein said respec 
tive transmit power report comprises a respective identifier 
identifying said at least one uplink reference signal transmis 
sion configuration. 

6. The method as claimed in claim 1, wherein the method 
further comprises: 

obtaining a trigger triggering the provision of the respec 
tive transmit power report. 

7. The method as claimed in claim 6, wherein obtaining the 
trigger comprises receiving a trigger message from a first 
network node of the one or more network nodes or the wire 
less terminal detecting one or more conditions as the trigger. 

8. The method as claimed in claim 1, wherein each of the 
multiple uplink reference signal transmission configurations 
comprises a set of parameters that indicates one or more of the 
following: 
how transmission of the uplink reference signal is trig 

gered, 
how transmission of the uplink reference signal has its path 

loss estimate defined, whether transmission of the 
uplink reference signal is unique for a certain frequency 
carrier, 

which time and/or frequency resources should be used for 
transmission of the uplink reference signal, 

what timing alignment if any is needed, and/or 
whether the configuration has a corresponding uplink ref 

erence signal specific power-control loop. 
9. The method as claimed in claim 1, wherein the respective 

transmit power report comprises a respective power head 
room report, “PHR', and the uplink reference signal com 
prises a sounding reference signal, “SRS’. 

10. A computer program product comprising a non-transi 
tory computer readable storage medium storing a computer 
program that when executed by a processor of a wireless 
terminal causes the wireless terminal to perform the method 
according to claim 1. 

11. (canceled) 
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12. A method, performed by a network node, for handling 
uplink transmit power reporting in a radio access network of 
a cellular radio system, the network node being comprised in 
the cellular radio system, wherein the method comprises: 

receiving, from a wireless terminal, a respective transmit 
power report for at least one of multiple uplink reference 
signal transmission configurations comprised in the 
wireless terminal, each configuration configuring trans 
mission, by the wireless terminal, of an uplink reference 
signal, the respective transmit power report providing 
information about a transmit power used by the wireless 
terminal for transmitting the uplink reference signal. 

13. The method as claimed in claim 12, wherein said at 
least one uplink reference signal transmission configuration 
is associated with a respective path loss measurement by the 
wireless device, which respective path loss measurement is 
based on a specific downlink reference radio resource. 

14. The method as claimed in claim 13, wherein the trans 
mit power of the uplink reference signal according to said at 
least one uplink reference signal transmission configuration 
is based on the path loss measurement associated with said at 
least one uplink reference signal transmission configuration. 

15. The method as claimed inclaim 12, wherein the method 
further comprises: 

receiving, from the wireless terminal, the uplink reference 
signal according to said at least one uplink reference 
signal transmission configuration. 

16. The method as claimed inclaim 15, wherein the method 
further comprises: 

determining, based on the received uplink reference signal 
and the received respective transmit power report, 
uplink quality and/or path loss associated with the wire 
less terminal. 

17. The method as claimed in claim 12, wherein said 
respective transmit power report comprises a respective iden 
tifier identifying said at least one uplink reference signal 
transmission configuration. 

18. The method as claimed inclaim 12, wherein the method 
further comprises: 

sending, to the wireless terminal, a trigger for triggering 
the wireless terminal to provide the respective transmit 
power report. 

19. The method as claimed in claim 12, wherein the respec 
tive transmit power report comprises a respective powerhead 
room report, “PHR', and the uplink reference signal com 
prises a sounding reference signal, “SRS’. 

20. A computer program product comprising a non-transi 
tory computer readable storage medium storing a computer 
program that when executed by a processor of a network node 
causes the network node to perform the method according to 
claim 12. 

21. (canceled) 
22. A wireless terminal for handling uplink transmit power 

reporting in a radio access network of a cellular radio system, 
wherein the wireless terminal is configured to: 

provide a respective transmit power report for at least one 
of multiple uplink reference signal transmission con 
figurations comprised in the wireless terminal, each con 
figuration configuring transmission, by the wireless ter 
minal, of an uplink reference signal, the respective 
transmit power report providing information about a 
transmit power used by the wireless terminal for trans 
mitting the uplink reference signal, and 
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send the respective transmit power report to one or more 
network nodes of the cellular radio system. 

23. The wireless terminal as claimed in claim 22, wherein 
said at least one uplink reference signal transmission configu 
ration is associated with a respective path loss measurement 
by the wireless device, which respective path loss measure 
ment is based on a specific downlink reference radio resource. 

24. The wireless terminal as claimed in claim 23, wherein 
the transmit power of the uplink reference signal according to 
said at least one uplink reference signal transmission configu 
ration is based on the respective path loss measurement asso 
ciated with said at least one uplink reference signal transmis 
sion configuration. 

25. The wireless terminal as claimed in claim 22, wherein 
the wireless terminal is further configured to: 

transmit, for receipt by the one or more network nodes, the 
uplink reference signal according to said at least one 
uplink reference signal transmission configuration. 

26. The wireless terminal as claimed in claim 22, wherein 
said respective transmit power report comprises a respective 
identifier identifying said at least one uplink reference signal 
transmission configuration. 

27. The wireless terminal as claimed in claim 22, wherein 
the wireless terminal is further configured to: 

obtain a trigger triggering the provision of the respective 
transmit power report. 

28. The wireless terminal as claimed in claim 27, wherein 
the wireless terminal is configured to obtain the trigger by 
being configured to receive a trigger message from a first 
network node of the one or more network nodes or by being 
configured detect one or more conditions as the trigger. 

29. The wireless terminal as claimed in claim 22, wherein 
each of the multiple uplink reference signal transmission 
configurations comprises a set of parameters that indicates 
one or more of the following: 
how transmission of the uplink reference signal is trig 

gered, 
how transmission of the uplink reference signal has its path 

loss estimate defined, whether transmission of the 
uplink reference signal is unique for a certain frequency 
carrier, 

which time and/or frequency resources should be used for 
transmission of the uplink reference signal, 

what timing alignment if any is needed, and/or 
whether the configuration has a corresponding uplink ref 

erence signal specific power-control loop. 
30. The wireless terminal as claimed in claim 22, wherein 

the respective transmit power report comprises a respective 
power headroom report, “PHR', and the uplink reference 
signal comprises a Sounding reference signal, "SRS’. 

31. A network node for handling uplink transmit power 
reporting in a radio access network of a cellular radio system, 
the network node being configured to be comprised in the 
cellular radio system, wherein the network node is further 
configured to: 

receive, from a wireless terminal, a respective transmit 
power report for at least one of multiple uplink reference 
signal transmission configurations comprised in the 
wireless terminal, each configuration configuring trans 
mission, by the wireless terminal, of an uplink reference 
signal, the respective transmit power report providing 
information about a transmit power used by the wireless 
terminal for transmitting the uplink reference signal. 
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32. The network node as claimed in claim 31, wherein said 
at least one uplink reference signal transmission configura 
tion is associated with a respective path loss measurement by 
the wireless device, which respective path loss measurement 
is based on a specific downlink reference radio resource. 

33. The network node as claimed in claim 32, wherein the 
transmit power of the uplink reference signal according to 
said at least one uplink reference signal transmission configu 
ration is based on the path loss measurement associated with 
said at least one uplink reference signal transmission configu 
ration. 

34. The network node as claimed in claim 31, wherein the 
network node is further configured to: 

receive, from the wireless terminal, the uplink reference 
signal according to said at least one uplink reference 
signal transmission configuration. 

35. The network node as claimed in claim 34, wherein the 
network node is further configured to: 
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determine, based on the received uplink reference signal 
and the received respective transmit power report, 
uplink quality and/or path loss associated with the wire 
less terminal. 

36. The network node as claimed in claim 31, wherein said 
respective transmit power report comprises a respective iden 
tifier identifying said at least one uplink reference signal 
transmission configuration. 

37. The network node as claimed in claim 31, wherein the 
network node is further configured to: 

send, to the wireless terminal, a trigger for triggering the 
wireless terminal to provide the respective transmit 
power report. 

38. The network node as claimed in claim 31, wherein the 
respective transmit power report comprises a respective 
power headroom report, “PHR', and the uplink reference 
signal comprises a Sounding reference signal, "SRS’. 

k k k k k 
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