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1. Introduction
[bookmark: _Ref129681832]In the previous RAN4 meeting, two LSs were agreed to be sent to RAN1 regarding high-frequency (HF) UL power control (PC) and power headroom (PHR). Specifically, in [1], RAN4 asks:
RAN4 is asking RAN1 if the above power class and Pcmax definition related agreements are compatible with all possible type of transmissions (PUSCH, PUCCH, SRS, PRACH).
The related RAN4 agreements are:
Agreements:
1. For UE Power Class definition for above 24 GHz range:
0. RAN4 agreed to define the UE power class for this spectrum range based on EIRP values.
0. A UE Maximum TRP limit will be defined in order to limit the UL interference.
1. Pcmax will be defined for above 24 GHz range in terms of EIRP that includes the antenna beam-forming gain.
1. For the power control related topics, RAN4 made the following agreements so far:
2. The RSRP and CSI-RSRP measurements definition include the Rx beamforming gain for OTA measurements (above 24 GHz range).
2. For conducted testing (sub-6GHz range) RSRP and CSI-RSRP measurements reference point can be maintained at the UE antenna connectors.
In [2], RAN4 asks:
RAN4 would like respectfully ask RAN1 to inform RAN4 if power control is assumed independent for each beam and if power changes due to UE beam changes are included in the same power control process.
In this contribution, we review the general background of UL PC related concepts and designs, discuss the LSs, and propose our views of how to reply the LSs and develop RAN1 standards accordingly.
2. Background
2.1 TRP, EIRP, and antenna beamforming gains
Total Radiated Power (TRP) is a conducted metric measuring the amount of power radiated by antennas in all directions, usually measurable at the antenna connector and can be seen as the PA output power. It may also be called the UE output power.
Effective Isotropic Radiated Power (EIRP), or Equivalent Isotropic Radiated Power, is a radiation metric measuring the amount of power radiated by antennas along a single direction, which includes the directivity (directional antenna beamforming gain in that direction). Such an EIRP cannot be measured at the antenna connector and generally needs to be measured OTA. The peak EIRP, normally the (maximum) EIRP along the antenna boresight and with max TRP, can be calculated as
	EIRPmax, boresight = TRPmax + Gmax, boresight	(1)
where Gmax, boresight is the maximum antenna gain along the boresight. The above equation is for the boresight direction and full power is used for transmission.
More generically, referring to Fig. 1, it holds that
	EIRPmax,  = TRPmax + Gmax, 				(2)
and
	EIRPactual,  = TRPactual + Gactual, 			(3)

[image: ]
Figure 1 Illustration of EIRP, TRP, and antenna gain. The blue semi-circle is for the maximum TRP (same for any directions). The green envelop is for max EIRPs in all directions, with the boresight max EIRP shown (solid straight lines), and with a max EIRP in another direction () shown (dotted lines). Another non-max EIRP is also shown (dashed lines), along direction  and without max TRP or max directional antenna gain.
Observation 1: In any direction, TRP, EIRP, and antenna gain are related, and any one can be inferred from the other two.
2.2 Previous definitions of power class and Pcmax
In LTE, the power class and Pcmax for UEs are defined as conducted, i.e., based on TRP. One example of power class specification from TS 36.101 is as follows:
[image: ]
Furthermore, the Pcmax is defined based on TRP and other quantities, i.e., also a TRP quantity. In TS 36.101 it has:
[image: ]
Observation 2: LTE power class and Pcmax are based on TRP.
2.3 Previous design of UL PC and PHR
In LTE, the UL PC and PHR use Pcmax, i.e., they are based on TRP. Examples from TS 36.213 are:
[image: ]
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Specifically, in the above equations, Pcmax, PPUSCH, PH, Po, and likewise, are TRP values.
Observation 3: LTE UL PC and PHR are based on TRP.
3. Discussion on PC and PHR at HF
At HF, due to possibly much higher and non-uniform antenna gains, in general, TRP alone may not be sufficient in some cases, and EIRP becomes more useful. This is the rationale behind RAN4’s adoption of EIRP for power class and Pcmax.
[bookmark: _GoBack]For a particular case, however, whether TRP or EIRP should be used really depends. For example, if HF UL PC equations are similar to LTE’s equations, it implies that the antenna gains are absorbed into pathloss (PL), which may be more accurately referred to as coupling loss. Then in this case the UL PC should use TRP value, which is typically accessible by the UE, and the antenna gain is not needed to be known for UL PC. In addition, note that in [3] it shows LTE UEs at lower frequency may also exhibit more than 10 dB variation in different directions, and the TRP-based UL PC and PHR still work well for such non-uniform UE beam patterns. Therefore, TRP-based UL PC and PHR, similar to LTE, can work for HF.
On the other hand, HF UL PC equations may be considered to be based on EIRP. If this is to be adopted in standards, antenna gains should be excluded from PL, otherwise it is double-counted. The drawback of this is that the UE needs to know the actual antenna gain for UL PC, which the UE may be able to estimate with certain tolerance but with more complexity.
Thus, it seems UL PC based on TRP helps avoid the need of estimation of actual antenna gains and is more preferable than UL PC based on EIRP. Similar conclusion can be drawn for UL PHR. Nevertheless, if antenna gain estimation can be done (requiring RAN4 effort), either may be acceptable by RAN1.
Observation 4: TRP-based UL PC and PHR avoid the need of estimation of actual antenna gains and are preferred over EIRP-based UL PC and PHR.
4. Discussion on beam management
In NR, a UE may maintain one or multiple beam pair links (BPLs). Each BPL is associated with a RSRP and hence a coupling loss value, i.e., the coupling loss values for different BPLs are generally different. Unless the antenna gain is estimated by the UE, the PL (excluding the antenna gain) is not available to the UE. Hence, with different coupling loss values, different BPLs cannot share PC or PHR, i.e., separate PC and PHR per beam are needed, and the antenna gain is transparent to the PC and PHR related operations. On the other hand, if PL is obtained by the UE by excluding the antenna gain, in principle multiple BPLs associated with the same TRP may have a common PL value. In this case the BPLs may be able to share the same PC process and PHR process, but still different PC/PHR values need to be generated from the different antenna gains for those BPLs. Therefore, separate PC and PHR for each BPL should be adopted.
Proposal 1: UL PC and PHR are separate for each beam pair link maintained by a UE.
The EIRP-based UL PC/PHR may have some advantages, for example, it may be more relevant from the receiver point of view. To elaborate, if the receiver needs to receive with a certain SINR, all it cares is the EIRP of the transmitter; whether that EIRP is obtained from high TRP plus low antenna gain, or from low TRP plus high antenna gain is irrelevant to the receiver, and the transmitter may have more flexibility to set its TRP and beam. However, if the PC and PHR are separate for each BPL, and each BPL has a fixed antenna gain, then such flexibility does not exist anyway. Based on this argument and Observation 4, TRP-based UL PC and PHR are proposed.
Proposal 2: UL PC and PHR are based on TRP.
5. Discussion on power class and Pcmax
From above discussions, it is clear that in UL PC and PHR a cap value (an achievable upper limit) is needed. The cap value is used to cap the UL power, in either TRP or EIRP, and also to compute the PHR. This cap value is Pcmax in LTE. In other words, in LTE, the power class and Pcmax are used in UL PC/PHR as a cap value (only).
A similar cap value is also needed in HF. Based on Proposals 1 and 2, the cap value should be based on TRP. As RAN4 agreed to have power class and Pcmax based on EIRP, an additional TRP cap may be introduced based on Eq. (1) or (2). Note that as TRP is not directional, only one TRP cap value is needed and can be applied to any direction. Note also that the TRP cap should be an achievable value by the UE, otherwise the PHR computed by the UE would not be meaningful and the UE cannot precisely implement the PC equation.
Proposal 3: A UE-specific max TRP limit achievable by the UE should be defined for UL PC and PHR.
As an example, if the Pcmax is defined as 90%ile point of EIRP, denoted Pcmax90%, EIRP, and the associated antenna gain is G90%, then the UE derives PcmaxTRP as 
PcmaxTRP = Pcmax90%, EIRP - G90%
The power control equation example is


The power headroom equation example is


6. Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the RAN4 LSs on power control. We have the following observations and proposals: 
Observation 1: In any direction, TRP, EIRP, and antenna gain are related, and any one can be inferred from the other two.
Observation 2: LTE power class and Pcmax are based on TRP.
Observation 3: LTE UL PC and PHR are based on TRP.
Observation 4: TRP-based UL PC and PHR avoid the need of estimation of actual antenna gains and are preferred over EIRP-based UL PC and PHR.
Proposal 1: UL PC and PHR are separate for each beam pair link maintained by a UE.
Proposal 2: UL PC and PHR are based on TRP.
Proposal 3: A UE-specific max TRP limit achievable by the UE should be defined for UL PC and PHR.
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6.2.5   Confi gured transmitted power   The UE is allowed to set its configured maximum output power   P CMAX , c   for serving cell  c .  The configured maximum  output power P CMAX , c   is set within the following bounds:   P CMAX_L, c   ≤  P CMAX, c     ≤  P CMAX_H, c   with     P CMAX_L , c   = MIN {P EMAX , c   –    T C , c ,  P PowerClass   –   MAX(MPR c   + A - MPR c   +   ΔT IB,c   +   T C , c   +   T ProSe , P - MPR c )}     P CMAX_H , c   = MIN {P EMAX , c ,  P PowerClass }   where   -   P EMAX , c   is the value given  by   IE  P - Max   for serving cell  c,   defined in [7] ;   -   P PowerClass   is the maximum UE power specified in   Table 6.2.2 - 1 without taking into account the tolerance specified in  the  T able 6.2.2 - 1 ;  


image4.emf
If the UE is not transmitting PUSCH for the serving cell c,  for the accumulation of TPC  command  received wi th DCI  format 3/3A   for PUSCH ,  the UE   shall assume that the UE   transmit power 
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for  the serving cell c,  for the accumulation of TPC  command  received with DCI format 3/3A   for PUSCH ,   the UE  shall assume 
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  as given by  Subclause   5.1.2.1. If the UE does not transmit PUCCH and PUSCH in  subframe 
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  f or the serving cell c,  for the accumulation of TPC  command  received with DCI format 3/3A   for  PUSCH ,   the UE shall compute 

) (

c CMAX,

i P

  assuming MPR=0dB, A - MPR=0dB, P - MPR=0dB and   T C   =0dB,  where MPR, A - MPR, P - MPR and   T C   are defined in [6].  
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If the UE transmits PUSCH  without PUCCH  in subframe 
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6.2.2   UE  m aximum  o utput  p ower   The following UE Power Classes define the maximum output power for  any transmission bandwidth within the channel  bandwidth   for non CA configuration and UL - MIMO unless oth erwise stated .  The period of measurement shall be at  least one sub frame (1ms).   Table 6.2.2 - 1: UE Power Class  

EUTRA  band  Class 1  (dBm)  Tolerance  (dB)  Class 2  (dBm)  Tolerance  (dB)  Class 3  (dBm)  Tolerance  (dB)  Class 4  (dBm)  Tolerance  (dB)  

1      23  ±2    

2      23  ±2 2    

3      23  ±2 2    

4      23  ±2    

 


