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1 Introduction

During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier [1]:
	-
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];

-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR

-
No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


In RAN1#88bis meeting [2], there are some conclusions on the issues to be discussed for the LTE-NR UL sharing only scenario as below.

	· Study further at least the following issues when UL carrier in one frequency range and DL NR carrier in a different frequency range:

· Potential timing offset due to differences in channel delay profiles between UL and DL

· Pathloss difference between UL and DL (it is assumed that DL is used by a UE to measure the path loss)


In RAN1#90 [3], more detailed agreements for UL power control were made.

	Agreements:

· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.

· Power adjustment for SUL should be taken into account in the uplink power control

· The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.

· Note: it may be possible to include the power adjustment in P0.


In RAN1 meeting NR#3[4], the following agreements were achieved.
	Agreement:

· Working Assumption that, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:

· The carriers are in different PUCCH groups, or

· The UL carrier is operating in a SUL band combination as defined in RAN4 specifications

· Can be revisited if technical problems (e.g. with scheduling and CSI feedback) are identified and cannot be resolved by RAN1#91. 

· Minimizing specification impact should be the primary consideration in finalising the solution, unless major performance differences exist. 

· An UL carrier can carry UCI for the DL carrier that it supplements

· An UL carrier is scheduled from the DL carrier that it supplements

Agreement:
· 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


It has been agreed to compensate the pathloss difference in received target power for PRACH and P0 for PUCCH/PUSCH/SRS. Thus for a single UE, there would be a power offset between transmit power on both two UL carriers, and such power offset is related to the maximum pathloss difference. More precisely, the maximum pathloss difference should refer to the maximum coupling loss difference. In this contribution, we mainly discuss the maximum coupling loss difference to be compensated which can be used to determine the range of power offset.
2 Discussion
Consider the scenario that NR UE in a cell with carrier of unpaired spectrum and SUL carrier will have more than one available UL carriers including the NR unpaired UL carrier of frequency F1 and SUL carrier of frequency F2. Due to the fact that F1 and F2 are different and F1 is likely to be higher than F2, for a UE the coupling loss on these two carriers would be different and the difference of coupling loss is mainly caused by frequency dependent aspects including pathloss and penetration loss. In addition, Tx/Rx antenna configuration may be different for F1 and F2, which would lead to different antenna gain, thus affecting the coupling loss difference.
Pathloss difference

According to the pathloss models for different scenarios in TR 38.901 [5], the pathloss difference from F1 to F2 can be calculated as
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Where the value of X1 can be selected from the following table.

Table I
	Parameter
	RMa
	UMa
	UMi-Street Canyon
	InH-Office

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	X1 
	20
	20
	20
	20
	20
	21.3
	20
	24.9


Note that, the main motivation of introducing SUL is to enhance the coverage of macro sites. Namely, it is more suitable for RMa, UMa and UMi scenarios. In order to calculate the maximum pathloss difference, X1=21.3 is selected in the following calculation. 
Penetration loss difference
Penetration loss is existed only for indoor UEs. Based on the O2I penetration loss model in TR 38.901, only the building penetration loss through the external wall is frequency dependent. Comparing the two models in Table 7.4.3-2 in TR 38.901, the high-loss model is more frequency sensitive than the low-loss model. Thus, we select the high-loss model and the penetration loss difference from F1 to F2 can be calculated as
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Antenna gain difference
In general, more Tx/Rx antenna elements can be used at both Tx and Rx sides on F1 than that on F2 owing to the fact that F1 is likely to be higher than F2, resulting higher antenna gain from F1 to F2. Thus, the coupling loss difference between F1 and F2 can be reduced. Particularly for UL transmission, it is proper to assume that UE is with one port and BS can use almost all the antenna elements for signal reception. The BS and UE antenna configurations for different frequencies are listed in the following table which is selected from TR.38.802 [6].

Table II. Antenna configuration and assumptions
	
	700MHz
	4GHz
	30GHz
	70GHz

	Num. BS antenna elements
	64
	128
	256
	1024

	Num. of UE antenna elements per port
	1
	1
	8
	8

	BS element gain (dBi)
	8
	8
	8
	8

	UE element gain (dBi)
	0
	0
	5
	5


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

	Pathloss difference 
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	16.3
	35.3
	43.2

	Penetration loss difference 
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	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 III, it can be observed that the maximum coupling loss difference comes from the case of F1 = 70GHz and F2 = 700MHz. For this case, the 50 dB coupling loss difference 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: The maximum coupling loss difference between NR unpaired carrier and SUL is up to 76 dB.
Proposal: The range of Received target power for PRACH power control and P0 for PUCCH/PUSCH/SRS power control shall be sufficiently large to compensate 76 dB coupling loss difference between the SUL carrier and the NR unpaired carrier

3 Conclusion

In this contribution, the maximum coupling loss difference between NR unpaired carrier and SUL carrier was obtained. The following observation and proposal are given:
Observation: The maximum coupling loss difference between the SUL carrier and the NR unpaired carrier is up to 76 dB.
Proposal: The range of received target power for PRACH power control and P0 for PUCCH/PUSCH/SRS power control shall be sufficiently large to compensate 76 dB coupling loss difference between the SUL carrier and the NR unpaired carrier
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