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1 Introduction
RAN4 discusses the requirement for FR2 inter-band CA. One of the key aspects is power imbalance between different bands especially for 28GHz+40GHz. This paper provides an initial simulation analysis of power imbalance between 28GHz and 40GHz under co-located deployment. Based on the analysis, this paper also consider required power imbalance for non-co-located deployment.  
2 Discussion
In order to evaluate the expected power imbalance between 28GHz and 40 GHz, we conducted simulation assuming that BS of 28GHz and 40GHz are co-located. Here is a simulation assumption in Table 2-1. We follows the dense urban scenario in Table A.2.1-1 in TR 38.302. Annex in this paper describes other parameters related to antenna pattern. Number of beam index implemented in BS for 28GHz and 40GHz are set to same values as 64 beam index. Beam peak antenna gain of 40GHz is higher than that of 28GHz to address difference of propagation loss, and accordingly beam width of 40GHz is narrower than that of 28GHz. We assume that UE and BS can select best beam for reception and power imbalance is measured based on RSRP UE receives.
Table 2-1: Simulation assumption for power imbalance between 28GHz and 40GHz

	Parameter
	Value for 28GHz
	Value for 40GHz

	Deployment
	Single macro layer, Hex. Grid

	ISD
	200m

	Carrier frequency
	28GHz
	40GHz

	CBW
	100MHz (66PRBs)

	Channel model
	TR38.901 UMi-Street canyon

	BS Tx power
	33
	33.8

	BS antenna config
	(M,N,P,Mg,Ng) = (8,16,2,1,1)  (dH,dV,dHg,dVg) = (0.5,0.5,NA,NA)λ
	(M,N,P,Mg,Ng) = (11,22,2,1,1)  (dH,dV,dHg,dVg) = (0.5,0.5,NA,NA)λ

	BS antenna height
	10m

	UE antenna height
	1.5m (all outdoor)

	UE receiver NF
	13dB
	13dB

	UE distribution
	3 users per TRP


Figure 2-1 shows the simulation result of CDF for power imbalance between 28GHz and 40GHz under the co-located BS deployment scenario. The result shows that power imbalance at 50%-tile CDF is about 8dB and worst case (at 100%-tile CDF) of power imbalance is above 30dB. This indicates that if we utilize FR2 inter-band CA, UE may need to be able to handle 30dB power imbalance.
Observation 1: About 30dB RSRP power difference could occurs between 28GHz and 40GHz under even co-located deployment scenario.
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Figure 2-1: CDF for power imbalance between 28GHz and 40GHz under co-located BS deployment scenario.


Figure 2-2 show the simulation results of distribution of RSRP of 28GHz and 40GHz vs. distance between BS and UE. From this figure, we can see the RSRP of 28GHz is higher than that of 40GHz. The reason seems to be that 40GHz BS with narrower beam width cannot manage their beam peak toward the UE directly. 


Blue line and yellow line in Figure 2-2 describes the linear regression model with least square method for 28GHz and 40GHz, respectively. Based on the result of linear regression, the power difference is increasing when UE locates near the BS. When UE locates at cell edge (ISD=200m), an expected middle value of power imbalance is about 10dB but the worst case would be 30dB. 


Based on the Figure 2-2, we can estimate roughly the power imbalance under the non-co-located deployment. For example, assuming that UE locates near 28GHz BS and 200m away from 40GHz BS, then the expected middle value at 0m for 28GHz is about -50 dB and the expected middle value at 200m for 40GHz is about -75dB. Therefore, expected middle value of power imbalance is about 25dB. And this estimation of 25dB power imbalance is “expected middle value” and, the power imbalance of worst case would be worse than 25dB due to mismatch of beam direction, fading effect, and other factors. 
Observation 2: Expected middle value of power imbalance is about 25dB under non-co-located deployment where UE locates near 28GHz BS and far away (exp. 200m) from 40GHz BS. Power imbalance of worst case would be worse than 25dB due to mismatch of beam direction, fading effect, and other factors.
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Figure 2-1: Distribution of RSRP of 28GHz and 40GHz vs. distance between BS and UE 
Based on the above consideration, here is out proposal:
Proposal :
RAN4 should assume at least 30dB power imbalance capability for FR2 inter-band CA (28GHz + 40GHz) regardless of co-located or non-col-located deployment assumption.
3 Conclusion
This contribution discuss the scope of the new basket WI and the procedure to handle the WI in Rel-16. The contribution is summarized as below:
Observation 1: About 30dB RSRP power difference could occurs between 28GHz and 40GHz under even co-located deployment scenario.
Observation 2: Expected middle value of power imbalance is about 25dB under non-co-located deployment where UE locates near 28GHz BS and far away (exp. 200m) from 40GHz BS. Power imbalance of worst case would be worse than 25dB due to mismatch of beam direction, fading effect, and other factors.
Proposal :
RAN4 should assume at least 30dB power imbalance capability for FR2 inter-band CA (28GHz + 40GHz) regardless of co-located or non-col-located deployment assumption.
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Figure 5-1: Antenna pattern for horizontal in 28GHz BS
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Figure 5-2: Antenna pattern for vertical in 28GHz BS
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Figure 5-3: Antenna pattern for horizontal in 40GHz BS
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Figure 5-4: Antenna pattern for vertical in 28GHz BS
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