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1 Introduction
In RAN #89-e meeting [1], it is concluded to further discuss 2nd DRX related proposal(s) submitted to RAN#90 e-meeting. In moderator summary last meeting [2], it is encouraged for companies to provide justification for:

· Benefit for UE power saving

· Potential specification change(s)

· Work group involvement and interactions

· Suggested start timing, if necessary

In this contribution, we first focus on checking the benefit for UE power saving with joint configuration of 2nd DRX and other power saving features, including SCell dormancy, WUS/DCP and cross-carrier scheduling. Then overall recommendation is drawn according to the provided observations.
2 Additional Power Saving Benefit with Joint Configuration
In this Section, we check the additional power saving benefit with joint configuration of SCell dormancy, WUS/DCP or cross-carrier scheduling with 2nd DRX. 

2.1  SCell dormancy and 2nd DRX
SCell dormancy and 2nd DRX can be used to reduce PDCCH monitoring for FR2 SCells. With SCell dormancy, network can use DCI signalling in PCell to stop UE PDCCH monitoring for SCell(s) during data inactivity in SCell(s). With 2nd DRX, the on-duration timer and drx-inactivity timer can be set small so as to minimize dummy PDCCH monitoring when there is no data activity. If SCell dormancy is applied to a FR2 SCell, additional optimization on any DRX timer via 2nd DRX configuration is, however, irrelevant since there is no PDCCH monitoring in the SCell.
Observation 1: When SCell dormancy is applied to a FR2 SCell, additional optimization on any DRX timer via 2nd DRX configuration is irrelevant because of no PDCCH monitoring in the SCell.

In the following, we conduct an evaluation for the power saving gain with one DRX group, two DRX groups, SCell dormancy, and SCell dormancy plus 2nd DRX. The traffic model considered is based on FTP model-3 with frequent data arrivals, and example application can include cloud gaming-like traffics. The carrier configuration is one FR1 carrier of 20 MHz bandwidth (for CSI reporting and light data traffic) and four FR2 carriers of total 400 MHz bandwidth (for data intensive eMBB traffic). More detailed setting can refer to Table 1 and Figure 1 below.
Table 1: Evaluation assumptions for FR1-FR2 CA with data-intensive eMBB traffic
	FR
	PHY setting
	Traffic
	Power Saving Feature

	FR1 PCell

(CSI and light data)
	1 x 20 MHz BW CC,
4-layer MIMO
	Instant message: Data rate 200 kbps, FTP mode-3 with 2000 ms mean packet arrival time
	DRX (1st group)
(cycle, on-duration timer, inactivity timer) 
= (80, 8, 16) ms

	FR2  SCells

(DL data booster)
	4 x 100MHz BW CC,
2-layer MIMO
	Data intensive eMBB (e.g., cloud gaming-like traffic): Data rate 20 Mbps, FTP mode-3 with 15 ms mean packet  inter-arrival time (~60 frames per second)

Packet latency budget: 15 ms
	One DRX group (follow PCell setting)

(cycle, on-duration timer, inactivity timer) 
= (80, 8, 16) ms

	
	
	
	Two DRX groups (apply 2nd DRX setting)

(cycle, on-duration timer, inactivity timer) 
= (80, 2, 8) ms or (80, 2, 16) ms

	
	
	
	SCell dormancy with one DRX group

DCI-based BWP framework (as illustrated in Figure 1)

	
	
	
	SCell dormancy and two DRX group

(cycle, on-duration timer, inactivity timer) 
= (80, 2, 16) ms 
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Figure 1: Illustration of SCell dormancy adaptation for SCell(s)

In Table 2, there summarize the evaluation results on power consumption and latency, and the following observations can be checked accordingly:
Observation 2: SCell dormancy can achieve both latency budget and UE power saving for data intensive eMBB traffic (e.g., cloud gaming-like traffic) while 2nd DRX only achieves one of them.
Observation 3: Additional power saving gain with joint configuration of SCell dormancy and 2nd DRX is limited, compared with SCell dormancy only.

Table 2: Power consumption and latency for FR1-FR2 CA with data intensive eMBB traffic
	FR1 PCell DRX setting
	1st DRX setting: (cycle, on-duration timer, inactivity timer) = (80, 8, 16) ms

	FR2 SCell feature
	Follow 1st DRX
	Apply 2nd DRX
	SCell dormancy (X = 4 ms)
	SCell dormancy (X = 4 ms) 
and 2nd DRX

	FR2 SCell DRX setting
	(80, 8, 16) ms
	(80, 2, 8) ms
	(80, 2, 16) ms
	(80, 8,16) ms
	(80, 2,16) ms

	Total power consumption
(FR1+FR2; based on power model in TR 38.840)
	614.61
	146.92
	614.40
	299.26
	299.16

	FR2 packet latency (ms)
	1.36
	32.05
	1.38
	2.65
	2.67


2.2  WUS/DCP and 2nd DRX
For WUS/DCP, the power saving gain is observed mainly for sparse data traffic [3], e.g., instant message. For such case, SCell can be de-activated for power saving. If packet is large and latency is critical, SCell dormancy can be utilized for its efficient SCell access adaptation. When WUS/DCP and SCell dormancy are both configured, WUS/DCP can carry indication to control SCell dormancy/non-dormancy switch. By the above, we can arrive at the following observation:
Observation 4: There is no need of joint configuration of WUS/DCP and 2nd DRX for UE power saving based on the analysis summarized in Table 3 below.
Table 3: Analysis on the need for joint configuration of WUS/DCP and 2nd DRX
	Traffic characteristics
	Packet characteristics
	Suggestion on power saving feature(s)
	Need of joint configuration of WUS/DCP and 2nd DRX

	Sparse

(e.g., packet arrival once per several DRX cycles)
	Packet is large and latency is critical
	WUS/DCP and SCell dormancy both configured

· WUS/DCP can carry indication for SCell dormancy/non-dormancy
	No need. SCell dormancy can serve all purposes.

	
	Packet is small or latency is not critical
	WUS/DCP and SCell de-activation
	No need. SCell de-activated

	Intensive

(e.g., packet arrival once per DRX cycle)
	(no matter)
	WUS/DCP not recommended
	No need. No WUS/DCP


2.3  Cross-Carrier Scheduling and 2nd DRX
Cross-carrier scheduling is not expected to be jointly configured with 2nd DRX in Rel-16. From power saving perspective, it is reasonable since UE only needs to monitor only PCell PDCCH and 2nd DRX for SCells is, therefore, not needed.

Observation 5: From power saving perspective, there is no need of joint configuration of cross-carrier scheduling and 2nd DRX for SCells since UE only needs to monitor PCell PDCCH.
2.4  Recommendation on 2nd DRX for Rel-17
From Observation 1 to Observation 5, the power saving benefit by joint configuration of 2nd DRX and SCell dormancy, WUS/DCP or cross-carrier scheduling is limited and cannot justify additional related scope in Rel-17 UE power saving enhancements. Specifically, we suggest

Proposal 1: No 2nd DRX enhancement needed to make 2nd DRX compatible with other features (e.g. SCell dormancy, WUS/DCP, cross-carrier scheduling) due to limited power saving gains.
3 Summary
In this contribution, we discuss the need of resolving coexistence issue for 2nd DRX with SCell dormancy, WUS/DCP or cross-carrier scheduling, from power saving benefit perspective. In particular, we have:
Observation 1: When SCell dormancy is applied to a FR2 SCell, additional optimization on any DRX timer via 2nd DRX configuration is irrelevant because of no PDCCH monitoring in the SCell.

Observation 2: SCell dormancy can achieve both latency budget and UE power saving for data intensive eMBB traffic (e.g., cloud gaming-like traffic) while 2nd DRX only achieves one of them.
Observation 3: Additional power saving gain with joint configuration of SCell dormancy and 2nd DRX is limited, compared with SCell dormancy only.
Table 2: Power consumption and latency for FR1-FR2 CA with data intensive eMBB traffic
	FR1 PCell DRX setting
	1st DRX setting: (cycle, on-duration timer, inactivity timer) = (80, 8, 16) ms

	FR2 SCell feature
	Follow 1st DRX
	Apply 2nd DRX
	SCell dormancy (X = 4 ms)
	SCell dormancy (X = 4 ms) 
and 2nd DRX

	FR2 SCell DRX setting
	(80, 8, 16) ms
	(80, 2, 8) ms
	(80, 2, 16) ms
	(80, 8,16) ms
	(80, 2,16) ms

	Total power consumption
(FR1+FR2; based on power model in TR 38.840)
	614.61
	146.92
	614.40
	299.26
	299.16

	FR2 packet latency (ms)
	1.36
	32.05
	1.38
	2.65
	2.67


Observation 4: There is no need of joint configuration of WUS/DCP and 2nd DRX for UE power saving based on the analysis summarized in Table 3 below.
Table 3: Analysis on the need for joint configuration of WUS/DCP and 2nd DRX
	Traffic characteristics
	Packet characteristics 
	Suggestion on power saving feature(s)
	Need of joint configuration of WUS/DCP and 2nd DRX

	Sparse

(e.g., packet arrival once per several DRX cycles)
	Packet is large and latency is critical
	WUS/DCP and SCell dormancy both configured

· WUS/DCP can carry indication for SCell dormancy/non-dormancy
	No need. SCell dormancy can serve all purposes.

	
	Packet is small or latency is not critical
	WUS/DCP and SCell de-activation
	No need. SCell de-activated

	Intensive

(e.g., packet arrival once per DRX cycle)
	(no matter)
	WUS/DCP not recommended
	No need. No WUS/DCP


Observation 5: From power saving perspective, there is no need of joint configuration of cross-carrier scheduling and 2nd DRX for SCells since UE only needs to monitor PCell PDCCH.

Proposal 1: No 2nd DRX enhancement needed to make 2nd DRX compatible with other features (e.g. SCell dormancy, WUS/DCP, cross-carrier scheduling) due to limited power saving gains.
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