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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]At the RAN4 AH1801 meeting, the newest agreement for intra-frequency requirement is shown as follow [1].
	For FR1, it is proposed to set TPSS/SSS_sync, T SSB_measurement_period  and TSSB_time_index requirement as:

                 TPSS/SSS_sync = max( 600, [5 or 6] x SMTC_period ) ms           (1)
                 TSSB_time_index = max( 120, 3 x SMTC_period ) ms               (2)
                 TSSB_measurement_period = max( 200, 5 x SMTC_period ) ms         (3)




In this paper we will continue to discuss the intra-frequency measurements requirement in DRX mode. Besides, it was agreed in [2] that separate DRX configurations are provided for LTE MCG and NR SCG. 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. The 2 DRX cycle impact on UE power consumption and RRM requirement are also discussed. This paper is a re-submission of R4-1801496 with some updating,
2	Intra-frequency measurement requirement when DRX is used
DRX operation within RRC_Connected state has been defined with the expectation that it will allow a UE to take advantage of inactivity periods for power saving while the network remains in control of UE mobility. In legacy LTE, it is proposed that requirements should be split into ‘Short DRX cycle and ‘Long DRX cycle [3].
Short DRX cycles
The ‘Short DRX’ range can be defined as the range for which the performance requirement is the same as non-DRX RRC_Connected case. This applies because the length of those periods is expected to be no larger than the periodicity of RRM-related activity. 
Long DRX cycles
The implementation of DRX in RRC_Connected state only really makes sense if the UE is allowed to have a somewhat lower rate of activity than non-DRX RRC_Connected state. Otherwise, despite a decrease in data Rx/Tx activity the power saving benefit would be rather limited if UE still needs to perform Intra-RAT and Inter-RAT monitoring as frequent as non-DRX.
Midpoint
In legacy LTE, it was proposed to define the cut-off between short and large DRX as 40ms [3] for which normal LTE-mobility requirement are applicable. 
In NR, we can use the same idea to define the performance requirement in DRX scenarios. It is desirable to follow same principle in measurement requirement for long DRX periods and keep non-DRX requirements when DRX period roughly equals RRM-related activity.
[bookmark: _Ref503801807]Proposal 1: The midpoint between long and short DRX in detection requirement should be 40ms. 

Considering the trade-off between UE power saving and mobility performance when large DRX is in use, it’s better to re-use the LTE requirement in NR (the blue elements in Table 1, where TSSB denotes the SMTC periodicity), although we know that NR is fundamentally more power consuming in general, e.g., more cell IDs, additional dimension in beam-level, higher sampling rate and the mis-alignment between SMTC and DRX On-duration. 
Different to LTE, NR SMTC periodicities is configurable, which could be {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. Currently, the same requirement is shared by non-DRX and the condition ‘DRX cycle < SMTC periodicity’ in the agreed intra-frequency TP [4].
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	TBD

	….
	TBD



In other word, the same requirement is applied to all the combinations of DRX cycle and TSSB marked as yellow in Table 1. But for DRX larger than 40ms, it could be found that performing PSS/SSS detection would be rather expensive in terms of power consumption compared to LTE. E.g., if assuming DRX cycle = 80ms, SMTC = 80ms, the requirement is 0.6s for PSS/SSS detection, but it is 2.8s in LTE. Since there is no issue found in DRX mobility with LTE requirements, to give UE additional flexibility for power saving, we suggest to revise the requirement as the Table 1.   
[bookmark: _Ref506369757]Proposal 2: It should re-use the LTE requirement in NR for power saving under large DRX scenarios. 
For another group of scenarios, when both TSSB and DRX cycle are short but DRX cycle is equal to or larger than TSSB (the green elements in Table 1), it’s reasonable to follow the non-DRX requirement. These combinations are also missing in current TP [4].
Table 1: The requirement table for DRX cycle and SMTC combinations
	DRX cycle
(ms)
	SMTC periodicity (ms)

	
	5
	10
	20
	40
	80
	160

	10
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}

	20
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}

	32,40
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}
	max{600, 6xTSSB}

	64,80
	30x DRX
	30x DRX
	30x DRX
	30x DRX
	max{600, 6xTSSB} 30x DRX
	max{600, 6xTSSB} 30x DRX

	128,160
	15x DRX
	15x DRX
	15x DRX
	15x DRX
	15x DRX
	max{600, 6xTSSB} 15x DRX

	(160,2560]
	15x DRX
	15x DRX
	15x DRX
	15x DRX
	15x DRX
	15x DRX



We believe that it’s better to re-use LTE requirement structure based on only DRX cycle in NR to trade off the power saving and performance flexibility. Besides, considering that when DRX On-duration is not always aligned with SMTC, it should be allowed to have some relaxation in requirement. Detail can be referred on our previous Tdoc [5].
[bookmark: _Ref506372195]Proposal 3: Consider the mis-alignment between SMTC and DRX on duration, the delay requirement should be scaled up by 1.5 to leave enough margin for low power design.
[bookmark: _Ref506372220]Proposal 4: The Intra-frequency measurement requirement table without measurement gap used are as follows 
For intra-frequency PSS/SSS detection in FR1
Table 2. Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle≤ 0.04
	max{ 600ms, Ceil(6 × K p-intra Note 2 × Knon-aligned Note 4) x TSMTC_period Note 1 } x Kca Note 3

	0.04 <DRX cycle≤ 0.08
	Ceil(30 × K p-intra Note 2 × Knon-aligned Note 4) x Kca Note 3 x DRX

	0.08< DRX cycle≤ 2.56
	Ceil(15 × K p-intra Note 2 × Knon-aligned Note 4) x Kca Note 3 x DRX

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
Note 2 : Kp-intra = 1/(1-SMTC period/MGRP).
Note 3 : Kca = 1 for the target frequency layer with PCell/PSCell, and Kca =  for the target frequency layers with SCells. 
Note 4 : Knon-aligned = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned  = 1.5.


For intra-frequency SSB time index acquisition in FR1
Table 3. Time period for SSB time index acquisition, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle≤ 0.04
	 max{120ms, Ceil(3 × K p-intra Note 2 × Knon-aligned Note 4) x  TSMTC_period Note 1} x Kca Note 3

	0.04 <DRX cycle≤ 2.56
	Ceil(3 × K p-intra Note 2 × Knon-aligned Note 4) x max(DRX, TSMTC_period Note 1) x Kca Note 3

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
Note 2 : Kp-intra = 1/(1-SMTC period/MGRP).
Note 3 : Kca = 1 for the target frequency layer with PCell/PSCell, and Kca =  for the target frequency layers with SCells. 
Note 4 : Knon-aligned = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned  = 1.5.



For intra-frequency SSB measurement period in FR1
Table 4. Time period for SSB measurement period, (Frequency range FR1)
	DRX cycle
	TSSB_measurement_period  

	No DRX, or DRX cycle≤ 0.04
	Max{200ms, Ceil(5 × K p-intra Note 2 × Knon-aligned Note 4) x  TSMTC_period} Note 1 x Kca Note 3

	0.04 <DRX cycle≤ 2.56
	Ceil(5 × K p-intra Note 2 × Knon-aligned Note 4) x max(DRX, TSMTC_period Note 1) x Kca Note 3

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
Note 2 : Kp-intra = 1/(1-SMTC period/MGRP).
Note 3 : Kca = 1 for the target frequency layer with PCell/PSCell, and Kca =  for the target frequency layers with SCells. 
Note 4 : Knon-aligned = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned  = 1.5.


3	Two DRX cycles configured by MN and SN
In RAN2#99 meeting, DRX configuration for EN-DC was discussed. In general, the principle of separate DRX configurations in LTE-DC was applied in EN-DC. Although separate DRX configurations can be provided for MCG and SCG, certain alignment on DRX configuration between MCG and SCG is beneficial to UE power consumption. In [6], the evaluation on UE power consumption with different DRX configuration assumptions was provided. Two cases are considered for power consumption: 
•	Case 1: On-duration of the DRX cycles for MCG and SCG are not aligned. (Figure 1.1)
•	Case 2: On-duration of the DRX cycles for MCG and SCG are aligned. (Figure 1.2)


Figure 1.1 Case 1


Figure 1.2 Case 2
Figure 1: DRX Configuration w/o On-duration Alignment
Note 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 On-duration. 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 LTE, we do not have the alignment issue because CRS is always transmitted.

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 5.  The detailed parameters and calculation method is explained in the Appendix. 
Table 5: 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
	26.796875
	12.5%

	
	Case 2
	23.83
	



[bookmark: _Ref506375205]Observation 1: Compared with aligned on-duration between separate DRX of MCG and SCG, up to 13.5% additional UE power is consumed for the case of non-aligned on-duration of the separate DRX configurations.
[bookmark: _Ref506375230]Proposal 5: Companies are encouraged to provide idea to deal with the power consumption issue caused by 2 different DRX configurations.

Except power consumption, the measurement requirement is another issue that needs to be addressed. When UE conducts the intra-frequency measurement, it is intuitive that the requirement follows the DRX configured to the cell groups that the serving cell is located. However, when UE conducts the inter-frequency measurement, which DRX configuration to be used for the measurement requirement become more complicated. For example:
· When both MCG and SCG exist, and MN configures a measurement object in FR2. UE need to use a RF chain in SCG to measure this frequency.
· When both MCG and SCG exist, and SN configures a measurement object in FR1. It is a UE implementation to use a RF chain in MCG or SCG to measure this frequency.
RAN4 should clarify which DRX configuration will be used in the inter-frequency measurement requirement. Two principles are suggested:
· Requirements should not limit the UE implementation.
· Requirements should consider the UE power consumption.
Therefore, we list all the possible situations in Table 6.
[bookmark: _Ref506377658]Proposal 6: For inter-frequency measurement, the delay relay requirement follows the DRX table shown below
Table 6: Rule to select DRX cycle configured by MN or SN.
	DRX On/Off
	MO configured by MN
	MO Configured by SN

	DRXMN
	DRXSN
	
	

	ON
	OFF
	DRXMN
	DRXMN

	OFF
	ON
	DRXSN
	DRXSN

	ON
	ON
	Max{ DRXMN, DRXSN }


4	Summary 
In this contribution, we observe that
Observation 1: Compared with aligned on-duration between separate DRX of MCG and SCG, up to 13.5% additional UE power is consumed for the case of non-aligned on-duration of the separate DRX.
And we propose
Proposal 1: The midpoint between long and short DRX in detection requirement should be 40ms. 
Proposal 2: It should re-use the LTE requirement in NR for power saving under large DRX scenarios.
Proposal 3: Consider the mis-alignment between SMTC and DRX on duration, the delay requirement should be scaled up by 1.5 to leave enough margin for low power design.
Proposal 4: The Intra-frequency measurement requirement table without measurement gap used are as follows 
For intra-frequency PSS/SSS detection in FR1
Table 2. Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle≤ 0.04
	max{ 600ms, Ceil(6 × K p-intra Note 2 × Knon-aligned Note 4)  x Kca Note 3 x TSMTC_period Note 1 }

	0.04 <DRX cycle≤ 0.08
	Ceil(30 × K p-intra Note 2 × Knon-aligned Note 4)  x Kca Note 3 x DRX

	0.08< DRX cycle≤ 2.56
	Ceil(15 × K p-intra Note 2 × Knon-aligned Note 4)  x Kca Note 3 x DRX

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
Note 2 : Kp-intra = 1/(1-SMTC period/MGRP).
Note 3 : Kca = 1 for the target frequency layer with PCell/PSCell, and Kca =  for the target frequency layers with SCells. 
Note 4 : Knon-aligned = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned  = 1.5.


For intra-frequency SSB time index acquisition in FR1
Table 3. Time period for SSB time index acquisition, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle≤ 0.04
	 max{120ms, Ceil(3 × K p-intra Note 2 × Knon-aligned Note 4)  x Kca Note 3 x  TSMTC_period Note 1}

	0.04 <DRX cycle≤ 2.56
	Ceil(3 × K p-intra Note 2 × Knon-aligned Note 4)  x Kca Note 3 x max(DRX, TSMTC_period Note 1)

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
Note 2 : Kp-intra = 1/(1-SMTC period/MGRP).
Note 3 : Kca = 1 for the target frequency layer with PCell/PSCell, and Kca =  for the target frequency layers with SCells. 
Note 4 : Knon-aligned = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned  = 1.5.



For intra-frequency SSB measurement period in FR1
Table 4. Time period for SSB measurement period, (Frequency range FR1)
	DRX cycle
	TSSB_measurement_period  

	No DRX, or DRX cycle≤ 0.04
	max(200ms, Ceil(5 × K p-intra Note 2 × Knon-aligned Note 4)  x Kca Note 3 x  TSMTC_period) Note 1

	0.04 <DRX cycle≤ 2.56
	Ceil(5 × K p-intra Note 2 × Knon-aligned Note 4)  x Kca Note 3 x max(DRX, TSMTC_period Note 1)

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
Note 2 : Kp-intra = 1/(1-SMTC period/MGRP).
Note 3 : Kca = 1 for the target frequency layer with PCell/PSCell, and Kca =  for the target frequency layers with SCells. 
Note 4 : Knon-aligned = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned  = 1.5.


Proposal 5: Companies are encouraged to provide idea to deal with the power consumption issue caused by 2 different DRX cycle.
Proposal 6: For inter-frequency measurement, the delay relay requirement follows the DRX table shown below
Table 6: Rule to select DRX cycle configured by MN or SN.
	DRX On/Off
	MO configured by MN
	MO Configured by SN

	DRXMN
	DRXSN
	
	

	ON
	OFF
	DRXMN
	DRXMN

	OFF
	ON
	DRXSN
	DRXSN

	ON
	ON
	Max{ DRXMN, DRXSN }
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6 Appendix
6.1 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.  

[image: ]
Figure 1 Model with Different Power States
Before each On-duration, UE need to warm up earlier, which will endure 1~2ms. At end of Active time, UE need to stay awake for a period of timer for cool down. The power consumption due to warm up and cool down should be considered. 

6.2 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

	Baseband warm-up
	TWA = 2

	Baseband cool-down
	TCD = 2

	DRX cycle length
	TCYC = 20, 40, 128



6.3 Assumptions on Power Consumption
	
	Configuration 1
	Configuration 2
	Configuration 3

	Base: PBS (mA)
	20
	20
	5



	Module Power (mA)
	Baseband : PBB
	RF (Rx) : PRF

	LTE
	80(PBB1)
	40 (PRF1)

	NR sub-6
	100 (PBB2)
	50 (PRF2)

	LTE+ NR sub-6
	160 (PBB3)
	80 (PRF3)



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

Case 2: 
· 
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