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Introduction
In RAN1#87ah-NR, the following agreement was made on power control[1]:
Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.
· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS
· FFS: on multiple type of RS 
· FFS: other DL RS
· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes  and/or .  
· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).
· Same gNB antenna port can be used for pathloss measurement for multiple process.
· FFS: Different gNB antenna ports can be used for pathloss measurement for each process
· NR supports power control for UE side multiple panel transmission
· FFS: specification impact to support multiple panel 
· FFS: waveform independent/dependent parameters for power control


In this contribution, we discuss the topic of path loss measurement for UL power control. Other topics relating to UL power control is discussed in our companion contribution [2]. 
[bookmark: _Ref178064866]Discussion
In for instance LTE release 10 the setting of the UE Transmit power for a physical uplink control channel (PUCCH) transmission is defined as follows
.
Here  is the transmit power to use in a given subframe and  is the pathloss estimated by the UE. For PUSCH one instead use the equation 

where c denotes the serving cell and  is the transmit power to use in a given subframe. Also here we note that the pathloss  is a part of setting the power level for the UE transmission. Hence, the procedure on estimating the pathloss is an important part of the UL power control. 
Using CSI-RS for path loss measurements 
In RAN1#87ah-NR, it was agreed that at least one type of DL RS for beam management is supported for pathloss measurement for purpose of UL power control. Since the beam measurement RS currently includes only CSI-RS we conclude that CSI-RS will most likely be used for pathloss measurement for the purpose of UL power control.   
In LTE, CSI-RS is typically configured in a UE specific manner after a UE has been assigned with a C-RNTI.  It is expected that the same procedure will be used in NR. So at least during the initial access and before CSI-RS is configured, the pathloss need to be measured based on some other common reference signal. One such option is the CSI-RS used for mobility. This signal, which presence is assumed to be UE specifically configured but the same mobility CSI-RS is shared by multiple UEs served by the gNB, may be used for power control. Another alternative is the SS which is also assumed to be configured in a cell specific manner. 
After a CSI-RS has been configured, in a UE specific manner, that CSI-RS can be used for pathloss calculation for PUSCH, PUCCH, SRS.   In this case, the pathloss is estimated based on the RSRP measurement on the CSI-RS.  An appealing property with basing the path loss estimation on CSI-RS is that it in many cases will reflect the beamforming gain capacity of the gNB, for instance in the case of a precoded CSI-RS. The beamforming gain will then be captured in the path loss estimation. However, since a very flexible CSI-RS framework is envisioned in NR estimating path loss based on CSI-RS has some implications. For instance,
· 
· The gNB may transmit multiple CSI-RSs and not all of them do necessarily constitute suitable RSs to estimate pathloss on. Hence, it should be indicated which CSI-RS (or CSI-RSs) the UE should base its path loss estimation on.     
· The CSI-RS framework will cover aperiodic, semi-persistent as well as periodic CSI-RS and in a given deployment only e.g. aperiodic CSI-RS will be used. Moroever, it is not guaranteed that a CSI-RS is always being transmitted once it has been configured due to the aperiodic and semi-persistent configurations. 
· In TDD mode it may be undesiredto be mandated to transmit UE specific CSI-RS only for power control purpose.  
[bookmark: _Toc477950941][bookmark: _Toc474162078]Estimating pathloss based on CSI-RS has some appealing implications.  
[bookmark: _Toc477950942]A flexible CSI-RS framework however will make it more challenging to base the path loss estimation on CSI-RS.
[bookmark: _Toc473796417][bookmark: _Toc473796771][bookmark: _Toc474097660][bookmark: _Toc474097869][bookmark: _Toc474162084][bookmark: _Toc474165076][bookmark: _Toc474165779][bookmark: _Toc477942050][bookmark: _Toc477949650][bookmark: _Toc477949682][bookmark: _Toc477950742][bookmark: _Toc477950946]Basing the pathloss estimation on UE specific CSI-RS will require that the pathloss estimation can be carried out also on at least one other DL RS signal. 
On using other DL RSs for path loss estimation
In LTE, the RSRP used for pathloss calculation is filtered over a long period of time to average out any contributions from fast fading, thus power control in LTE is used mainly to track shadowing effects.  In NR, narrower beams in both DL and UL link are expected to be used and frequent beam switching is expected due to UE movement.  It may be difficult to measure long term RSRP for each beam link and short term RSRP may be needed.
For fast power control, the received power on DMRS or PDCCH/PDSCH may also be used for pathloss calculation. However, DL power can vary due to DL power control such as between SU-MIMO and MU-MIMO and such variation is transparent to UE in DMRS based transmission.  So it is difficult to calculate pathloss unless the transmit power is signalled to the UE. Another issue is that DMRS/PDCCH/PDSCH may be transmitted on only part of the system bandwidth, which make it difficult to use for power control purpose as the UL transmission could be on a different subband and there could be large pathloss differences due to frequency selective fading.
[bookmark: _Toc474162079][bookmark: _Toc477950943]It seems to be difficult to use DMRS for pathloss measurement due to possible DL power control and narrow bandwidth
For slower power control, the RSRP from the SS filtered over a long period of time to average out any contributions from fast fading, may be an option. This estimate will most likely constitute a less accurate estimate than when based on CSI-RS but that problem could potentially be compensated for using closed loop power control. 
[bookmark: _Toc477950944]SS may be a suitable candidate for path loss estimation. 
[bookmark: _Toc473796418][bookmark: _Toc473796772][bookmark: _Toc474097661][bookmark: _Toc474097870][bookmark: _Toc474162085][bookmark: _Toc474165077][bookmark: _Toc474165780][bookmark: _Toc477942051][bookmark: _Toc477949651][bookmark: _Toc477949683][bookmark: _Toc477950743][bookmark: _Toc477950947]Further study is needed on weather DMRS or SS can be used for pathloss calculation.

Implications of utilizing multiple RSs for pathloss estimation
It is clear from the above equations describing  and  that the pathloss estimation conducted by the UE plays an important role in the PC and creating a framework where multiple RSs are utilized for path loss estimation comes with some implications. Consider for instance the case that CSI-RS and SS are used for path loss estimation and assume the following scenario: 
1. A UE is not configured with CSI-RS and will therefore need to base its pathloss estimation on SS. 
2. The UE is then configured with a semi-persistent CSI-RS which is also activated. The UE may thus now base its path loss estimation on CSI-RS and/or SS. 
3. The semi-persistent CSI-RS is deactivated and the UE must therefore revert to base its path loss estimation on SS.
From the previous example it is illustrated that there may be a dynamic switching between measuring on different types of RSs. These RSs are typically transmitted in very different ways and may hence constitute very different beamforming gains. It is beneficial to take this into account for the estimation of   since PUCCH will be received by the gNB while utilizing a beamformer gain which is not necessarily equal to the beamforming gain used for transmitting the RSs. One option would therefore be to complement the PC formulas with an additional term  such that 

and
.
It is here assumed that  is a term whose value is given from which RS that was used when estimating . Hence, if SS is used  takes on one value whereas if CSI-RS is used  takes on another value. These different values per RS type may furthermore be configurable from the gNB. Thus, by performing this configuration in an appropriate way it will be possible to let the UE compensate for the difference in beamforming gain by the gNB when receiving an UL transmission and when transmitting a certain RS.  
[bookmark: _Toc477950945]Utilizing multiple RSs for pathloss estimation will imply that the UE potentially estimates the pathloss from signals corresponding to different beamforming gains. 
[bookmark: _Toc477942052][bookmark: _Toc477949652][bookmark: _Toc477949684][bookmark: _Toc477950744][bookmark: _Toc477950948]If multiple RSs are utilized for pathloss estimation in NR an offset  should be included in the PC formulas where the value of  depends on which RS that was used for conducting the pathloss estimation. 
It is also clear from the previous example that by letting the UE utilize multiple RSs for estimating the path loss there will also need to exist some kind of framework for which RS/RSs the UE should use at any given time. It appears difficult to do this in a standard transparent way, at least if the path loss estimation is based on CSI-RS, since the gNB may transmit a large number of CSI-RSs and only a subset of them is relevant to estimate path loss from. This is hence something that needs to be considered. 
[bookmark: _Toc477942053][bookmark: _Toc477949653][bookmark: _Toc477949685][bookmark: _Toc477950745][bookmark: _Toc477950949]If multiple RSs are utilized for pathloss estimation a framework should be defined so that it is clear on which RS/RSs a UE should measure on at every point in time.   
Conclusions
In this contribution we made the following observations:
Observation 1	Estimating pathloss based on CSI-RS has some appealing implications.
Observation 2	A flexible CSI-RS framework however will make it more challenging to base the path loss estimation on CSI-RS.
Observation 3	It seems to be difficult to use DMRS for pathloss measurement due to possible DL power control and narrow bandwidth
Observation 4	SS may be a suitable candidate for estimating the path loss from.
Observation 5	Utilizing multiple RSs for pathloss estimation will imply that the UE potentially estimates the pathloss from signals corresponding to different beamforming gains.

Based on the discussion in this contribution we propose the following:
Proposal 1	Basing the pathloss estimation on CSI-RS will require that the pathloss estimation can be carried out also on at least one other DL RS signal.
Proposal 2	Further study is needed on weather DMRS or SS can be used for pathloss calculation.
Proposal 3	If multiple RSs are utilized for pathloss estimation in NR an offset  should be included in the PC formulas where the value of  depends on which RS that was used for conducting the pathloss estimation.
Proposal 4	If multiple RSs are utilized for pathloss estimation a framework should be defined so that it is clear on which RS/RSs a UE should measure on at every point in time.
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