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1 Introduction
In RAN2#99 meeting, DRX configuration for EN-DC was discussed. In general, the principle of separate DRX configuration in LTE-DC was applied in EN-DC with following agreements:
Agreements
1: In EN-DC, separate DRX configurations are provided for LTE MCG and NR SCG.
2: The MeNB/SgNB provides the MCG/SCG DRX configuration to the SgNB/MeNB. Whether or not the SCG/MCG aligns DRX configuration with the MCG/SCG is left up to SgNB/MeNB implementation.
Although separate DRX configuration can be provided for MCG and SCG, DRX coordination between MeNB and SgNB is needed. Certain alignment on DRX configuration between MCG and SCG is beneficial to UE power consumption. In this contribution, we provide the evaluation on UE power consumption with different DRX configuration assumptions and propose that the Active time of the DRX cycle for MCG and SCG should be overlapped. 
2 Discussion
2.1 UE Power Consumption Modeling
For EN-DC, certain hardware may be shared by UE implementation for LTE and NR to reduce the cost. In this section, we give the numerical analysis for different alignment of DRX configuration between MCG and SCG based on the experimental data, assuming a sub-6 carrier is used for NR.  
UE power consumption is calculated based on the model below with different power state. It should be noted that UE transmission power is not considered, and we only concern the UE power consumption for DL reception due to different DRX configuration.  


Figure 1 Model with Different Power States
Before each On-duration, UE need to wake up earlier for pre-scheduling and pre-sync, which will endure 1~2ms. At end of Active time, UE need to stay awake for a period of timer for post-processing. The power consumption due to pre-scheduling/pre-sync and post-processing should be considered. 
Observation 1: UE need to wake up earlier for pre-scheduling and pre-sync for each On-duration and stay awake for a while for post-processing at the end of Active time. 
2.2. UE power consumption with different DRX configuration
Two cases are considered for power consumption: 
· Case 1: On-duration of the DRX cycles for MCG and SCG are not aligned. (Figure 2.1)
· Case 2: On-duration of the DRX cycles for MCG and SCG are aligned. (Figure 2.2)
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Figure 2.1 Case 1
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Figure 2.2 Case 2
Figure 2 DRX Configuration w/o On-duration Alignment
It should be noted that UE power consumption for RRM measurement on NR serving cell will be impacted by the SMTC configuration as well as its timing location related to the DRX cycle.  In the optimal case for UE power consumption, SMTC is aligned with the Active time of the SCG DRX cycle.  In order to minimize the impact of SMTC configuration and illustrate the benefit of DRX coordination between MCG and SCG, we consider the scenario that the occasion of SMTC and DRX on-duration is aligned. 
For both of cases, UE power consumption with different DRX cycles are calculated assuming the length of On-duration is 4ms for both MCG and SCG. 
· Configuration 1: DRX cycle=20 ms
· Configuration 2: DRX cycle=40 ms
· Configuration 3: DRX cycle=128 ms
UE power consumption for case 1 and case2 with different DRX cycles are evaluated in Table 1.The detailed parameters and calculation method is explained in the Annex. The time duration is 640ms. 

Table 1 Power Consumption Comparison between Case1 and Case 2
	
			Power Consumption（mA）	
	Extra Power Consumption

	Configuration 1
	Case 1
	159.5
	13.5%

	
	Case 2
	140.50
	

	Configuration 2
	Case 1
	44.88
	11.8%

	
	Case 2
	40.13
	

	Configuration 3
	Case 1
	26.80
	12.5%

	
	Case 2
	23.83
	


Observation 2: Compared with aligned on-duration between separate DRX of MCG and SCG, 13.5% additional UE power is consumed for the case of non-aligned on-duration of the separate DRX. 
In generally, UE power consumption can benefit from the alignment of Active time between the separate DRX. However, considering the length of Active time is dynamic and controlled by multiple timers, the simplest way for network coordination and configuration is to align the on-duration of the separate DRX, so the on-duration of the separate DRX can be fully or partially overlapped. 
Proposal 1: The on-duration of the separate DRX for MCG and SCG should be aligned. 
In order to align the on-duration of the separate DRX, there are different levels of solutions for the alignment. 
· Only the DRX Start Offset  is aligned;
· Both the DRX Start Offset and DRX cycle are aligned. 
Considering the DRX cycle is configured based on the on-going traffic, the DRX cycle for MCG and SCG may not be aligned especially different types of services provided by eNB and gNB.
Proposal 2: RAN2 consider to align DRX start offset between gNB and eNB for the separate DRX configuration.
In order to align the separate DRX, the coordination between gNB and eNB is required. However, in certain deployment scenarios, there is difficulty for different base stations to align the DRX configuration between each other.  In this case, UE side information can be provided to the network to assist the DRX configuration alignment. On potential method is that the UE provides aligned DRX configuration to the network. The UE may refer one DRX configuration as baseline and adjust the other DRX configuration for alignment.
Proposal 3: UE can be configured to provide the aligned DRX configuration to the network. 
3 Conclusion
In this contribution, we analyze the UE power consumption with different DRX configurations when the separate DRX for MCG and SCG is aligned and not aligned.  Based on the observations:
Observation 1: UE need to wake up earlier for pre-scheduling and pre-sync for each On-duration and stay awake for a while for post-processing at the end of Active time. 
Observation 2: Compared with aligned on-duration between separate DRX of MCG and SCG, 13.5% additional UE power is consumed for the case of non-aligned on-duration of the separate DRX. 
We propose:
Proposal 1: The on-duration of the separate DRX for MCG and SCG should be aligned. 
Proposal 2: RAN2 consider to align DRX start offset between gNB and eNB for the separate DRX configuration.
Proposal 3: UE can be configured to provide the aligned DRX configuration to the network. 
4 Annex
4.1 Assumptions on Timing
	Parameters
	Time duration (ms)

	LTE DRX on Duration 
	TLTE_DRX = 4

	NR DRX on Duration 
	TNR_DRX = 4

	LTE pre-sync
	TSync = 2

	NR SMTC window 
	TSMTC = 5

	Modem pre-scheduling 
	TPre = 2

	Modem post-processing 
	TPos = 2

	DRX cycle length
	TCYC = 20, 40, 128



4.2 Assumptions on Power Consumption
	
	Configuration 1
	Configuration 2
	Configuration 3

	Base: PBS (mA)
	20
	20
	5



	Module Power (mA)
	Modem : PMD
	RF (Rx) : PRF

	LTE
	80   (PMD1)
	40 (PRF1)

	NR sub-6
	100 (PMD2)
	50 (PRF2)

	LTE+ NR sub-6
	160 (PMD3)
	80 (PRF3)



4.3 UE Power Consumption Calculation
UE power consumption in one DRX cycle
Case 1:
· 

Case 2: 
· 
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