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1. Introduction
At the previous meeting, RAN4 agreed to introduce power imbalance requirement for intra-band contiguous NR CA with 2CC scenario [1]. Consequently, a WF was agreed in RF session on Rx image rejection for FR1 intra-band contiguous CA and EN-DC [2], while demodulation discussion is suspended [3]. Meanwhile, whether to introduce FR1 EN-DC PDSCH demodulation performance requirement with power imbalance is still open for discussion [1]. In this contribution, we discuss the detailed test parameters for intra-band NR CA scenario and necessity of power imbalance requirement for intra-band EN-DC scenario for FR1. 
2. Discussion
2.1. Intra-band contiguous NR CA
For this scenario, 2 contiguous CC with 6 dB power imbalance was agreed in [1]. In this section, we discuss the detailed test parameters. In order to reduce the workload for this requirement, firstly, the existing test conditions in LTE specification (i.e., section 8.2.1.7 in [4]) and NR specifications for single carrier normal PDSCH test in [5] should be reused as much as possible.
Proposal 1: For power imbalance test for intra-band NR-CA, the following test parameters are applied.
	Parameters
	Value

	Duplex mode
	Case #1: FDD+FDD CA w/ 15kHz SCS
Case #2: TDD+TDD CA w/ 30kHz SCS (TDD pattern: 7DS2U)

	RB allocation
	Full allocation

	PDSCH configurations
	Mapping type: Type A
K0: 0
PRB bundling size: WB

	PDSCH DMRS configurations
	DMRS type: Type 1
Number of additional DMRS: 1 (i.e. 1+1)

	Modulation order
	64QAM (Code rate is FFS)

	Transmission rank
	Rank 1

	Max number of HARQ transmission
	1 (RV = {0})

	PDCCH allocation
	Symbol #0

	MIMO configuration
	2x2 / 2x4 MIMO

	Propagation condition
	Static propagation condition
No external noise sources are applied

	Precoding configuration
	SP Type I, Random per slot with PRB bundling granularity



Proposal 2: For power imbalance test for intra-band NR-CA, the following test methodology is applied: 
· Reference testing point: 85%ile throughput 
· Measurement cell: Weaker cell only
For channel bandwidth combination (CA configuration hereafter) for intra-band NR CA with contiguous 2CCs, the following CA configurations were specified in the current Rel-15 UE RF requirement [6]. In the table, 40+x, highlighted in yellow, is not supported for CA_n77C/78C/n79C. Similarly, 100+100 is not supported for CA_n41C. In order to common test design for different NR CA configurations, (BW1, BW2) should be selected from 50+60, 50+80, 50+100, 60+60, 60+80, 60+100, 80+80 and 80+100. 
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	CA_n41C
	-
	40
	80, 100
	
	
	
	180
	0

	
	
	50, 60, 80
	60, 80, 100
	
	
	
	
	

	CA_n77C
CA_n78C
CA_n79C
	-
	50
	60, 80, 100
	
	
	
	200
	0

	
	
	60
	60, 80, 100
	
	
	
	
	

	
	
	80
	80, 100
	
	
	
	
	

	
	
	100
	100
	
	
	
	
	



Proposal 3: As CA configuration for power imbalance requirement, specify the following CA configurations. FFS necessity of further down selection.
· 50+60, 50+80, 50+100, 60+60, 60+80, 60+100, 80+80 and 80+100 MHz
· Further discuss after Rel-16 core spec is finalized.

2.2. Intra-band EN-DC in FR1
For intra-band FR1 EN-DC, whether to introduce power imbalance requirement is FFS [1]. In this section, we present necessity of this kind of new requirement.
From Rel-15 UE RF, some band combinations for intra-band EN-DC were also introduced, e.g., DC_3_n3, DC_41_n41, DC_42_n78. Note the DC_42_n78 has different band number for LTE and NR, but the LTE band 42 (3.4-3.6GHz) is completely contained in the NR band n78 (3.3-3.8GHz), so UE RF requirements of intra-band EN-DC are applied for this band combination. For the intra-band EN-DC cases, only collocated scenario is considered based on the RRM specification (e.g., Sec. 7.6.3 in [9]), however, reception power of LTE and NR would be different according to deployment scenario. Roughly speaking, the following three deployment scenarios could be considered for intra-band EN-DC as shown in Figure 1.
· Scenario #1: LTE and NR have different antenna/analogue beam pattern, e.g., advanced beamforming technology for NR
· Scenario #2: LTE and NR have same antenna pattern, but the digital precoder is different.
· Scenario #3: LTE and NR have same antenna/analogue beam pattern and digital precoder by tight coordination of LTE/NR schedulers at eNB/gNB
The same beam pattern and tight scheduler coordination such as Scenario #3 might be ideal from the system performance perspective, but non-ideal scenarios such as Scenario #1 and #2 should be also allowed in practical. In the Rel-15 specification, NSA scenario was firstly specified as early drop, and this enables that NR cells are deployed into the existing LTE network and smooth migration from LTE to NR in the future. Since it is not likely that the NR equipment in the initial deployment are totally renewed when NSA are migrated to SA, for NR side advanced beamforming technology would be applied from the initial deployment of NSA. In addition, from the view point of minimization of LTE development cost, non-scheduler coordination between LTE and NR is one of practical solutions.
The reception power of LTE and NR would be the same only in the scenario #3, and it would be different for other scenarios. Especially, the scenario #1 would be the worst case from power imbalance perspective. To analyse the worst-case power imbalance for intra-band EN-DC in FR1, we conducted system level simulation assuming DC_42A_n78A and Dense Urban scenario as an example. The system evaluation assumption including evaluation parameters and beam pattern are described in Annex. Note that in this band combination, RF components would be common between LTE and NR according to UE RF discussion [10], and proper AGC implementation should be verified in this case. 
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Figure 1: Deployment scenario for intra-band EN-DC

Figure 2 shows CDF curve of difference of downlink instantaneous reception power between LTE and NR carriers. From the result, we can observe maximally 25 dB power imbalance between LTE and NR due to different beam patterns. Note that DL SINR distribution (geometry) in NR can be significantly improved thanks to narrower beam pattern (lower inter-cell interference as a result) as shown in Fig. A2 in Annex, even if serious power difference would occur. Hence, this scenario is worth considering.
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Figure 2. DL RSRP difference between LTE and NR carriers in Scenario #1
(Note: RSRP means here instantaneous reception power)

For intra-band EN-DC in FR1, both of the contiguous and non-contiguous cases are supported. Both cases should be specified considering the real NW deployment.
Observation: For intra-band EN-DC scenario in FR1, UE may suffer significant power imbalance between LTE and NR carriers even in co-located scenario if antenna/beam/precoding pattern is different between LTE and NR.
· Maximally 25 dB power imbalance is observed in system evaluation.
Proposal 4: Power imbalance requirement should be introduced to ensure correct UE implementation in intra-band contiguous and non-contiguous EN-DC scenario in FR1. 
Proposal 5: For test setup, NR carrier has lower power of 6dB than LTE carrier, and only throughput NR carrier is tested.

3. Conclusion
In this contribution, we discuss the detailed test parameters for intra-band NR CA scenario and necessity of power imbalance requirement for intra-band EN-DC scenario in FR1. Our proposals and observations are summarized below.
Proposal 1: For power imbalance test for intra-band NR-CA, the following test parameters are applied:
	Parameters
	Value

	Duplex mode
	Case #1: FDD+FDD CA w/ 15kHz SCS
Case #2: TDD+TDD CA w/ 30kHz SCS (TDD pattern: 7DS2U)

	RB allocation
	Full allocation

	PDSCH configurations
	Mapping type: Type A
K0: 0
PRB bundling size: WB

	PDSCH DMRS configurations
	DMRS type: Type 1
Number of additional DMRS: 1 (i.e. 1+1)

	Modulation order
	64QAM (Code rate is FFS)

	Transmission rank
	Rank 1

	Max number of HARQ transmission
	1 (RV = {0})

	PDCCH allocation
	Symbol #0

	MIMO configuration
	2x2 / 2x4 MIMO

	Propagation condition
	Static propagation condition
No external noise sources are applied

	Precoding configuration
	SP Type I, Random per slot with PRB bundling granularity



Proposal 2: For power imbalance test for intra-band NR-CA, the following test methodology is applied: 
· Reference testing point: 85%ile throughput 
· Measurement cell: Weaker cell only
Proposal 3: As CA configuration for power imbalance requirement, specify the following CA configurations. FFS necessity of further down selection.
· 50+60, 50+80, 50+100, 60+60, 60+80, 60+100, 80+80 and 80+100 MHz
· Further discuss after Rel-16 core spec is finalized.
Observation: For intra-band EN-DC scenario in FR1, UE may suffer significant power imbalance between LTE and NR carriers even in co-located scenario if beam pattern is different between LTE and NR.
· Maximally 25 dB power imbalance is observed in system evaluation.
Proposal 4: Power imbalance requirement should be introduced to ensure correct UE implementation in intra-band contiguous and non-contiguous EN-DC scenario in FR1.
Proposal 5: For test setup, NR carrier has lower power of 6dB than LTE carrier, and only throughput NR carrier is tested.
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Annex
Table A1. System evaluation assumption
	Parameter
	Value

	Deployment
	Single macro layer, Hex. Grid

	ISD
	200m

	Carrier frequency
	B42: 3.5GHz, n78: 3.7GHz

	CBW
	B42: 20MHz (100PRBs), n78: 100MHz (273PRBs)

	Channel model
	TR38.901 UMi-Street canyon

	BS EIRP
	33 dBm

	BS antenna config
	(M,N,P,Mg,Ng) = (4,4,2,1,1)
(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
	9dB

	UE distribution
	10 users per TRP
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Figure A1. Beam pattern for LTE and NR
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Figure A2. DL SINR comparison between LTE and NR
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