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1 Introduction
There are several topics are conjoined with each other for FR2 output power, which are Pcmax, power class, beam correspondence and open loop power control. RAN4 have much discussion on above issues, and already have agreements on FR2 power class and open loop power control tolerance as below.
	FR2 power class

· For Rel-15 

· For 28GHz 

· Min peak EIRP is 22.4 dBm 

· 50%-tile requirement for EIRP CDF is FFS 

· For 39GHz 

· Min peak EIRP is 20.6 dBm 

· 50%-tile requirement for EIRP CDF is FFS 

Note: for 50%-tile, the values are FFS. 

Open loop power control

· Both open-loop power control and relative power control tolerance requirements are verified under beam-locked condition. 

· Relative power control tolerance is verified in peak EIRP direction.
· To define open-loop power control requirements

· The output power to be set such that the received power at the test system is within a range defined by the target received power and the absolute tolerance. 

· Tolerance requirement to be considered as a starting point

· [+/- 12 dB] under normal condition


For beam correspondence, WF [2] was approved with some staged agreement, 2 approaches for considering beam correspondence requirement are listed. Another thing is highlighted in the WF: In RAN1 feature lists, they captured with yellow highlight as “the beam correspondence is mandate at least FR2”, but it is still discuss on RAN1. But for open loop power control, there seems some understanding that beam correspondence is necessary for open loop power control. 
For FR2 Pcmax, companies have different view on the metric of Pcmax[3][4], if Pcmax is defined as RSRP reference plane, it will have a reported Pcmax and PHR but cannot be measured in FR2, if Pcmax is defined as EIRP reference plane after signal combined by the antenna, Pcmax can be measured directly, but there is conflict with RAN1 spec which Pcmax is conducted value as definition in FR1. Another problem is related to the FR2 power class, there is no tolerance since it is specified as minimum peak EIRP which can be understood as the minus tolerance has already included, it is difficult to define another tolerance for Pcmax based on the minimum value.
2 Discussion

2.1 FR2 Pcmax
1. Pcmax Reference plane

Two approaches for FR2 Pcmax specification are discussed in previous meetings with no consensus. One difference between the two approaches is the reference plane of Pcmax. In TS 38.213, the power control equation is specified as below, taking PUSCH as example:
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Above equation is applicable for both FR1 and FR2. If Pcmax is defined at the RSRP reference plane, actually it can be considered as conducted value which is similar as definition in FR1. Note that this conducted value cannot be measured without antenna, and when antenna efficiency is considered, the value may not equal to TRP in FR2, because TRP should be measured in OTA test. both the Pcmax and PHR should be reported as given in [4].
One possible concern for this definition is that the PL in the equation is evaluated by DL path loss, which is specified as:
DL path loss = referenceSignalPower– RSRP,
If the beam forming gain for UL and DL is not identical, UE need to compensate the difference in the pass loss to make sure the target power is within the absolute tolerance range. But whether the beam forming gain is identical with each other is not equal to beam correspondence, they are actually different concept. Even a UE have beam correspondence capability, there is also possibility that the beam forming gain is different between UL and DL. Another problem is difference between the UL and DL beam direction, if the direction is different between UL and DL beam(whether or not the UE support beam correspondence), there would be difference on the propagation path which will have impact on the PL item. since the target power for open loop TPC should consider the UL pathloss.. Actually this is related to the open loop power control issue, which will be detailed in section 2.2. 
On the other hand, if Pcmax is defined as EIRP metric, there will be △G in the power control equation to compensate the beam forming gain, which is expressed in [3] as:
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This △G need to be a separate item in the equation because it is not only the power difference between UL and DL beam forming which may not exist, the UL beam forming gain is also included. It may have impact on RAN1 spec which leads to different power control on FR1 and FR2. Therefore, based on the above analysis, we have the following proposal:
Proposal 1: Pcmax for FR2 is defined in the same plane of reference as the RSRP measurement, there is no need to revise RAN1 spec on power control.

2. Necessity of PEMAX in FR2

In FR1, PEMAX is defined in NR to provide network the ability to manage uplink interference. In FR2, although the uplink interference issue may be reduced by management of uplink beams, our view is that PEMAX is still needed. Because the upper bound of EIRP for handheld UE is only defined by a regulation upper bound of 43dBm. Given that FWA UE type and other potential UE types will be specified in Rel. 15, this upper bound may become higher, e.g. 55dBm. For open loop power control, if beam correspondence cannot be guaranteed, UE may not be able to identify the optimal uplink beam direction by downlink measurement. Therefore, if PEMAX is not defined, there is still risk for the potential uncontrolled interference from some high power UE in the dense deployment scenarios.
Another issue is how to define the PEMAX if reference plane  of Pcmax is the same as the RSRP measurement. Our view is to define PEMAX in EIRP. Since the interference issue caused by TRP is already verified by co-existence study and a max TRP requirement as 23dBm is defined, this PEMAX mainly deal with the case when the inter-cell interference is caused by an unwanted uplink beam. Therefore, we have the following proposal:
Proposal 2: PEMAX for FR2 is needed, and PEMAX should be defined as an additional upper bound of EIRP.
3. On the definition of tolerance in FR2

In FR1, Pcmax is specified with 0dBi antenna gain assumption. It gives UE limitation on configured output power. In FR2, the output power is not limited by a single requirement, both max TRP and min peak EIRP need to be satisfied. If reference plane of Pcmax is the same as the RSRP measurement , the conducted value needs to satisfy both requirement on TRP and EIRP, and UE will report this conducted Pcmax and PHR to the network.

In [4], Ptmax and Pumax are proposed to define to guarantee the UE can satisfy both TRP and EIRP requirement as below:
The PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured total radiated power PTMAX,f,c is restricted by  PTMAX,f,c ≤ TRPmax
with TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1, and furthermore be set such that the corresponding measured peak EIRP PCMAX,f,c is within the following bounds


PPowerclass – MPRf,c – P-MPRf,c – T(PBO) ≤ PUMAX,f,c ≤ EIRPmax
This approach is generally fine for us except two aspects:

1) Test tolerance when MPR = 0 should be explicitly specified. The range for Pumax is not reasonable, when there is no MPR, UE don’t have any tolerance even for low output power.
2) Upper bound of PUMAX is not only limited by EIRPmax. As analysed above, this is better also limited by PEMAX provided by network together with EIRPmax.
So Based on above analysis, we propose to define the Pumax as in [3]:
1. Nominal value with tolerance for Power class is defined for FR2 as in Table 1
	NR band
	PPowerClass (dBm)
	TL,c (dB)

	n257
	[25.9]
	[3.5]

	n258
	[25.7]
	[3.3]

	n260
	[24.3]
	[3.7]

	n261
	[25.7]
	[3.3]


2. Pumax,f,c is defined with low limit and high limit with corresponding tolerance
The PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured total radiated power PTMAX,f,c is restricted by  PTMAX,f,c ≤ TRPmax
with TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1, and furthermore be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds,
MIN{PPowerClass –max(MPRf,c+A-MPRf,c+P-MPRf,c,0), PEMAX} - MAX{TL,c, T(PUMAX,c)} ≤ Pumax,f,c ≤ MIN{PEMAX, EIRPmax}
3. Define tolerance for Pumax as below:

Table 2: Tolerance for Pumax
	PUMAX,c
(dBm)
	Tolerance T(P​UMAX,c)
(dB)

	PPowerClass ≤ PUMAX,c
	TL,c

	[21] ≤ PUMAX,c < PPowerClass
	[4.0]

	[20] ≤ PUMAX,c < [21]
	[4.5]

	[19] ≤ PUMAX,c < [20]
	[5.5]

	[18] ≤ PUMAX,c < [19]
	[6.0]

	[13] ≤ PUMAX,c < [18]
	[7.0]

	[8] ≤ PUMAX,c < [13]
	[8.0]


	[-13 ] ≤ PUMAX,c < [8]
	[9.0]


For Pcmax specification, we also have a draft CR for this meeting can be referenced in [5].
Proposal 3:Pumax for FR2 is defined as EIRP metric, and the tolerance for Pumax should be as in Table 1 and Table 2. 
2.2 Open loop power control
As mentioned before, there seems some understanding that beam correspondence is necessary for open loop power control. But In RAN1 feature lists, beam correspondence is still optional. In [2] RAN4 also came to the conclusion that whether beam correspondence is mandatory or not is up to RAN1 and RAN decision.
In WF [2], there are 2 alternatives for testing beam correspondence. Approach 1 defines power difference in the same direction between peak beam and correspondence beam, and approach 2 defines CDF requirement for correspondence beam. Both of the two approaches have no requirement on the direction between peak beam and correspondence beam. In fact, if UE don’t have beam correspondence capability, UE can still perform open-loop TPC based on following approaches:

· Choose the same direction for UL beam with DL beam, search for the best UL beam in a relative small range(UE may need the capability like “partial beam correspondence”)
· (UE may need optimise the search efficiency)UE may perform uplink beam sweeping. By network indication, UE can obtain the optimal beam, i.e. optimal direction for beamforming. (UE may need optimise the search efficiency)
· UE may have information on the relationship between UL beam and DL beam, UE may still estimate the gain difference and count it as addition PL in the open loop TPC.
With above solution, UE without beam correspondence capability need to set the output power to satisfy the absolute tolerance for open loop power control. Beam correspondence is not the necessary condition for open loop power control.
Proposal 4: Beam correspondence is not the necessary condition for open loop power control, beam correspondence should be the UE capability which need to report to the network.
3 Conclusion

In this contribution we discussed on the relation among power class, beam correspondence, open loop power control and Pcmax specification, according to the analysis, we have the following proposals:
Proposal 1: Pcmax for FR2 is defined in the same plane of reference as the RSRP measurement, there is no need to revise RAN1 spec on power control.

Proposal 2: PEMAX for FR2 is needed, and PEMAX should be defined as an additional upper bound of EIRP.
Proposal 3:Pumax for FR2 is defined as EIRP metric, and the tolerance for Pumax should be as in Table 1 and Table 2. 
Proposal 4: Beam correspondence is not the necessary condition for open loop power control, beam correspondence should be the UE capability which need to report to the network.
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