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[bookmark: _Ref463014664]Introduction
In this contribution, we focus on the minimum output power requirement for NR UEs transmitting in millimiter wave (mmW) spectrum. Our proposals will be justified by both system level Montecarlo simulations and minimum coupling loss (MCL) analysis. We will first focus on the general requirement and then analyze the target minimum output power for different target SNR. The paper is a follow up of our previous contribution in [1].
Discussion
The LTE UE minimum output power requirement needs to be updated for UE transmitting in mmW frequency ranges. There are several considerations justifying the change compared to existing requirement in 36.101:
· The new requirement needs to be an Over The Air (OTA) requirement, while LTE requirement was a conducted requirement.
· The system is affected by much higher pathloss at mmW.
· Active antenna systems at both UE and BS side will be in place, leading to higher peak antenna gain.
· … 
Below we copy the minimum output power requirement definition from TS 36.101:
The minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value.
In LTE, the minimum controlled power was the minimum conducted power achievable in response to the power control algorithm. Similarly to LTE, NR UEs will react adjusting the power delivered by the PAs based on power control decisions. However, how to define the OTA requirement, i.e. whether to specify it as EIRP or TRP, should be discussed and clarified in RAN4.
In the following, we will first evaluate the minimum output power derived from system level simulations results obtained following the assumption adopted for the adjacent channel coexistence study [2]. This analysis will give us a ball park number of the target requirement. We will also fine tune the analysis in [1], showing how the min power requirement should be adjusted in case of high order modulation which requires higher SNR and EVM targets.
Minimum output power from system level analysis
In order to evaluate the minimum output power target from a system level perspective, we ran Montecarlo simulation following the assumptions made in the adjacent channel coexistence study and captured in TR 38.803 [2]. In particular, we consider the two following deployment scenarios: Indoor Hotspot (InH) and Urban Macro (UMA) with Base Stations (BS) Inter-site distance (ISD) of 200m. In both scenarios the power control parameters were determined to target an SNR of 15dB at the Base Station. In Figure 1, we show the UE tx power distribution after power control. The plots consider the output power delivered by the PAs. As it can be observed, and as expected, the indoor scenario is the one showing more users transmitting with low power. This is simply due to the lower UE-BS minimum distance and the higher percentage of users operating close to the base stations. 
[bookmark: _GoBack]From this analysis, we can see that the number UEs transmitting less than -30dBm is negligible:
Observation 1: considering the worst case scenario, the minimum conducted power required from system level simulation is equal or larger than -30dBm with very high probability. 
This observation is consistent with the fact that for mmW, required minimum output power is expected to be higher compared to LTE specification, as also observed in [3].
[image: ]
[bookmark: _Ref481663375]Figure 1. UE conducted Tx Power distribution.
To reinforce this analysis, in the following sub-section we consider a worst case minimum coupling loss analysis targeting two modulation format, namely QPSK and 64QAM.
Minimum output power from MCL analysis
In [1] we already performed an MCL analysis considering 64QAM modulation with 100MHz channel Bandwidth (BW). The results of that analysis was that, considering 2m UE-BS minimum distance, -13.6dBm TRP would allow to meet the targeted SNR for 64QAM.  
In Table 1, we summarized our analysis considering both QPSK and 64QAM modulations. What we analyzed is the minimum power needed at UE to fulfill a target SNR at the base station when UE and BS are located at 2m distance. The higher SNR required by 64QAM implies that, for the same level of thermal noise at BS receiver, higher minimum UE output power is required at UEs.  
Few considerations about the adopted parameters are provided below:
· The 2 meters minimum distance follows the agreement on BS class for NR BS in [4].
· The adopted signal BW is 400MHz. This represents a difference compared to our previous analysis where we used 100MHz and it is mainly due to the new working agreement on mmW channel BW from RAN4 #82bis.
· For the SNR case, we considered a typical target of 15dB, 20dB and 25dB, for QPSK, 16QAM and 64QAM, respectively. This number includes all implementation losses. The actual decodable SNR will depend on the coding rate as well, here we capture what we believe is a good representation of a typical SNR point at such a short BS-UE distance. Note that 15dB is a pretty high SNR for QPSK modulation. There are two reasons why we select this value: first, 15dB represents also the target SNR adopted in the coexistence study; second, and most importantly, at such a minimum distance it does not make sense to target a lower SNR.
· The BS set point margin represents a margin in the wanted operating point to compensated for fast signal drops and other possible fluctuations.
[bookmark: _Ref481672211]Table 1. MCL analysis to derive minimum output power for QPSK and 64QAM modulations.
	
	QPSK
	16QAM
	64QAM

	BS Rx Parameters

	BS noise figure [dB]
	9
	9
	9

	Signal BW [MHz]
	400
	400
	400

	Thermal noise floor @ BS [dB]
	-79.0
	-79.0
	-79.0

	SNR target including implementation loss [dB]
	15
	20
	25

	Wanted Conducted Signal Level [dBm]
	-64.0
	-59.0
	-54.0

	Element Gain [dB]
	8
	8
	8

	Number of Antenna Elements
	128
	128
	128

	Array Gain [dB]
	21.1
	21.1
	21.1

	Total Antenna Gain [dB]
	29.1
	29.1
	29.1

	Needed RX power at LNA input [dBm]
	-93.1
	-88.1
	-83.1

	BS set point margin [dB]
	10
	10
	10

	Required RX power at BS [dBm]
	-83.1
	-78.1
	-73.1

	Path Loss

	min UE-BS distance [m]
	2
	2
	2

	free space path loss @28GHz [dB]
	67.4
	67.4
	67.4

	UE Tx Parameter

	UE required EIRP [dBm]
	-15.7
	-10.7
	-5.7

	Antenna element gain [dB]
	5
	5
	5

	Number of radiating elements
	4
	4
	4

	Array gain [dB]
	6.0
	6.0
	6.0

	Total Antenna Gain [dB]
	11.0
	11.0
	11.0

	UE required TRP for one polarization [dBm]
	-26.7
	-21.7
	-16.7

	UE required TRP for dual polarization [dBm]
	-23.7
	-18.7
	-13.7

	Maximum total conducted power [dBm]
	23
	23
	23

	Dynamic range of total conducted power [dB]
	46.7
	41.7
	36.7



From the analysis above it can be observed how the different SNR targets corresponding to different modulation and coding schemes will require a different minimum power level. Note that the difference compared to the absolute minimum conducted coming from Montecarlo simulation is due to the typical difference Montecarlo simulation and MCL analysis, including pathloss model and implementation margins.
In the next section we will make specific proposals based on our findings.
Proposals
We performed both Montecarlo simulation and MCL analysis to identify a suitable UE minimum output power requirement for mmW. Based on Observation 1, UE conducted is higher than -30dBm with high probability as the absolute minimum output power requirement. We also observed that for the case of higher order modulation larger minimum power should be allowed. In summary, our analysis gives us a good indication on what the requirement should be from a system level point of view.
Note that the analysis is also consistent with the fact the higher order modulation would require lower EVM which is difficult to meet with very low output power. This concept is already included in today LTE spec today, where a relaxation is present for 256 QAM: the minimum output power for 256QAM EVM requirement is -30dBm, i.e. 10dB relaxation compared to absolute minimum power level of -40dBm (see Table 6.5.2.1.1-2 in TS 36.101). When defining the minimum output power, several factors should be taken into account, including the implementation challenges to meet typical EVMs required by the different modulation formats. 
Considering the above results, we make the following observations and proposals:
Observation 2: the minimum conducted power needed for QPSK is no less than -24dBm. Higher minimum conducted power is required for higher order modulations.
Proposals 1: the maximum dynamic range for QPSK should be no more than 47dB. 
Proposals 2: for modulation orders which are higher than QPSK the dynamic range should be smaller compared to the one required by QPSK.
Observation 3: how to specify the minimum output power requirement should be further study. In particular, RAN4 should clarify whether to specify the minimum output power as EIRP or TRP.
Conclusions
In this contribution we analyzed the minimum output power requirement for UE in mmW frequency ranges. Based on both system level simulations and minimum coupling loss analysis we made the following observation:
Observation 1: considering the worst case scenario, the minimum conducted power required from system level simulation is equal or larger than -30dBm with very high probability. 
Observation 2: the minimum conducted power needed for QPSK is no less than -24dBm. Higher minimum conducted power is required for higher order modulations.
Proposals 1: the maximum dynamic range for QPSK should be no more than 47dB. 
Proposals 2: for modulation orders which are higher than QPSK the dynamic range should be smaller compared to the one required by QPSK.
Observation 3: how to specify the minimum output power requirement should be further study. In particular, RAN4 should clarify whether to specify the minimum output power as EIRP or TRP.
Reference
[1] [bookmark: _Ref481659631][bookmark: _Ref473813022][bookmark: _Ref465947019]R4-1703996, “Minimum TRP and dynamic range of mm-wave UE transmitters”, Qualcomm Incorporated.
[2] [bookmark: _Ref481663184]3GPP TR 38.803, “Study on new radio access technology: Radio Frequency (RF) and co-existence aspects”.
[3] [bookmark: _Ref481664575]R4-1703237, “Tx requirements for above 6 GHz”, Intel Corporation.
[4] [bookmark: _Ref481673166]R4-1702357, “Way forward on BS class for NR BS”, NEC, Ericsson, ZTE, Huawei.
1

4

image1.emf
UE conducted Tx Power [dBm]

-40 -30 -20 -10 0 10 20 30 40

U

E

 

c

o

n

d

u

c

t

e

d

 

T

x

 

P

o

w

e

r

 

C

D

F

 

[

%

]

0

10

20

30

40

50

60

70

80

90

100

Indoor Scenario

UMA scenario - ISD=200m


