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1 Introduction
RAN1 sent an LS to ask RAN4 to confirm RAN1 working assumption on the X in the lower bound of P0 in NR UL power control in last meeting [1]. In this contribution, this working assumption in the LS is discussed.
	Agreement:
P0 range for cell-specific component PUSCH, PUCCH, SRS.
· From -126-X to 24dBm

· With X=76 as working assumption subject to confirmation by RAN4 

· The number of bits used for this parameter, P0 range, is 7 bits with 2dB step size
Agreement:
Preamble received target power range is from -120-X to YdBm with a step of ZdB

· With X=76 as working assumption subject to confirmation by RAN4
· Once X is finalized, Y and Z can decided in RAN2/RAN4 

· Note: The number of bits for the preamble received target power range is 6


2 Discussion

RAN1 has been agreed that the range of P0 shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier and made a working assumption on this difference 76dB. More precisely, the difference between SUL and DL/UL should be the coupling loss difference. 
	Agreement in NR #3:
· For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier

· Received target power for PRACH power control,

· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control

· FFS maximum pathloss difference to be compensated
Working Assumption in RAN1 #90bis:

· For PRACH/PUSCH/PUCCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the maximum pathlossincluding penetration loss difference between two UL carriers to be compensated is 76 dB.

· 76dB can be revisited in RAN1#91 if there is a technical issue

· Note: This maximum number is based on the assumption that the downlink carrier frequency can be up to 70GHz


For LTE, Po means the target received power per RB at BS receiver side. From the power control formula which is defined in TS 36.213 as below, the uplink transmit power is derived by Po, RB number, DL pathloss (because UE has no information about UL pathloss), TPC and transmission mode where Po is signalled by BS.
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For NR, power control formula which is defined in TS 38.213 is almost reuse LTE formula and adapted to multiple SCS as below,
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The main difference between LTE and NR power control formula is the physical meaning of Po as agreed by RAN1:
For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier
· Received target power for PRACH power control,

· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control
According to the highlight sentence in RAN1 agreement, the Po is no longer only reflecting the target power of BS receiver; it should additionally consider the DL/UL pathloss difference. It is a value that BS signalling to UE for UE transmit power calculation and when BS signalling this value, it should not only consider its target received power but also consider the DL/UL pathloss difference to make the UE transmitting a proper output power. So it will not be measured in any test. Considering the large pathloss difference between UL and DL in some cases, this value could below the noise floor.
Observation 1: The meaning of Po for NR reflects not only the target power of BS receiver but also additionally potential huge DL/UL pathloss difference for NR.
Observation 2: Po is an only signalling value which is not measured in any test and in some cases it should be below noise floor to make the UE transmitting a proper output power.
From RAN1 agreement in NR #3, we observed that:

The coupling loss difference between SUL (F2) and DL/UL (F1) is mainly caused by frequency dependent aspects including pathloss and penetration loss. In addition, Tx/Rx antenna configuration may be different for SUL and DL/UL, which would lead to different antenna gain, thus affecting the coupling loss difference.

By taking all the above three aspects into consideration, the coupling loss difference is calculated and summarized in the following table where F2 is set to be 700MHz [2]. 

Table 1 Coupling loss difference from F1 to F2
	F1-F2
	4GHz - 700MHz
	30GHz - 700MHz
	70GHz - 700MHz

	Pathloss difference 
[image: image3.wmf]PaL

D

 (dB)
	16.3
	35.3
	43.2

	Penetration loss difference 
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 (dB)
	10.2
	20.8
	32.8

	Antenna gain difference 
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 (dB)
	3
	20
	26

	Total coupling loss difference
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 (dB)
	23.5
	36.1
	50.0

	Note: The antenna gain difference is calculated based on the assumption that UE is with the maximum antenna gain.


According to the calculation in above Table 1, it can be observed that the maximum coupling loss difference comes from the case of F1 = 70GHz and F2 = 700MHz. For this case, 50 dB coupling loss differences is calculated based on the assumption that UE can be with the maximum antenna gain. While for the UE is not with the maximum antenna gain, the antenna gain difference would be decreases. And for the extreme case that the antenna gain difference degrades to 0 dB, the coupling loss difference reaches 76 dB. Namely, the maximum coupling loss difference between NR unpaired carrier and SUL would be within the range from 50 dB to 76 dB.
Observation 3: The maximum coupling loss difference between NR unpaired carrier and SUL is up to 76 dB.
3 Conclusion
This contribution discusses the coupling loss difference between SUL and DL/UL and makes a confirmation that RAN1 working assumption of 76dB is reasonable and required.
Observation 1: The meaning of Po for NR reflects not only the target power of BS receiver but also additionally potential huge DL/UL pathloss difference for NR.
Observation 2: Po is an only signalling value which is not measured in any test and in some cases it should be below noise floor to make the UE transmitting a proper output power.
Observation 3: The maximum coupling loss difference between NR unpaired carrier and SUL is up to 76 dB.
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