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Introduction
[bookmark: _Hlk57144916][bookmark: _Hlk57145025]In RAN#89-e meeting [1], companies discussed the proposals from RP-201595 [2] and RP-201657 [3] to study enhancements to DRX groups in Rel-17, e.g. to enable joint configuration of DRX groups and other R16 power saving features such as wakeup signaling (WUS) and SCell dormancy. 
Unfortunately, companies were not able to reach a consensus whether to study the proposed enhancements in Rel-17 (e.g. in Power Saving WI). Some of the concerns included how much gains the proposed enhancements can enable and whether such studies could impact the existing workload of involved working groups (e.g. RAN1). At the end, it was agreed that companies will revisit this topic in RP#90-e, after the progress of Rel-17 SIs become clearer. 
In this paper, we continue the discussions initiated in RP-201595. We first review motivations for the proposed enhancements and present new quantitative results on the amount of power savings that they can enable. We then clarify the concerns raised in the last meeting. 
[bookmark: _Toc242573354]Discussion
Background 
[bookmark: _Toc242573360]The feature of DRX groups was agreed in RP#88-e, as a solution to reduce power consumption when UE is configured with FR1+FR2 CA. It was first proposed and discussed under TEI16 in RAN2. During the discussion, RAN4 confirmed that there is minimal impact on their specs [4]. On the other hand, RAN1 could not reach a consensus [4] on whether it may have impact on other R16 power saving features. As a way-forward, it was agreed that in R16 DRX groups cannot be jointly configured with WUS or SCell dormancy.
Observation 1. Exclusivity between DRX group and WUS or SCell dormancy in R16 is an artifact due to constraint on TEI studies.
In RAN1#103-e, RAN1 has agreed on a L1-based solution for paging enhancement [5]. We thus expect RAN1 will handle majority of the design work for that solution and will have a relatively high workload going into the WI phase. On the other hand, this agreement also means that RAN2’s workload is going to be light, because it only needs to take a supporting role in the only topic it is tasked to study (i.e. paging enhancement). Therefore, we think it is feasible to study enhancements to DRX group in R17 Power Saving WI without any change to its current TU allocation, if most of the studies can be done in RAN2. 
Observation 2.	It is feasible to study enhancements to DRX group in R17 Power Saving WI without any change to its current TU allocation, if most of the studies are done in RAN2.
Joint configuration with WUS
We think additional power can be saved if DRX group and WUS can be configured together. For example, suppose WUS configured on SpCell indicates to UE whether it should wake up for next on duration or not. Then skipping on durations when there is no data can help UE save extra power on top of savings enabled by DRX groups, in the same way as how WUS saves UE power if there is only single DRX group. In Appendix A.2, we provide a quantitative analysis on the power savings that can be achieved by joint configuration, compared with the baseline in which no WUS is configured. Our analysis shows that ~82% more power can be saved per DRX cycle than the baseline when there is no data and ~18% when there is data.
[bookmark: _Hlk57121077]Observation 3. If WUS and DRX groups are jointly configured, UE can save extra ~82% power per DRX cycle when there is no data and ~18% when there is data.
If we have to minimize the impact of joint configuration on RAN1, then the existing UE behaviors need to be reused as much as possible. More specifically, 
· WUS should be configured only on SpCell, as in legacy;
· Conditions for WUS monitoring is completely determined by DRX state of SpCell and independent from DRX state of the secondary DRX group. For example, UE monitors WUS if SpCell is not in DRX active time, even if secondary DRX group is in DRX active time at the same time. This requirement avoids changes to the RAN1 spec;
· If WUS is not received or does not indicate wakeup, none of UE’s carriers should wake up, as in legacy;  
· If a WUS occasion is not monitored (e.g., SpCell is already in DRX active time) or WUS indicates wakeup, UE should start DRX on duration timers of both DRX groups at their respective next occurrence. This behavior can be captured in RAN2 MAC spec. Note that this behavior works even in the corner case where FR1 is outside DRX active time but FR2 is within DRX active time.
As one may see from the above, no new PHY-layer behaviors need to be defined. We only need to add the following clarifications to the RAN1 specs:
· Clarify that if secondary DRX group is configured, DRX active time for a serving cell refers to DRX active time of its associated DRX group;
· Clarify that DRX on-duration timer refers to those of all DRX groups in the text on WUS procedure.
Text proposal for the above clarifications can be found in [9]. 
Observation 4. Joint configuration between WUS and DRX groups can be supported with minimal change to RAN1 specs.
Joint configuration with SCell dormancy
In legacy, there are two scenarios in which SCell dormancy indication can be sent:
· Case 1. In a WUS occasion outside UE’s DRX active time, it can be sent together with WUS to indicate which SCell dormancy group(s) should switch to dormant BWP;
· Case 2. When UE is in DRX active time, it can be sent in a non-fallback DCI to indicate which SCell dormancy group should switch to dormant BWP. 
Case 1.  This case requires joint configuration with WUS. In case secondary DRX group is configured, it effectively overrides DRX state of a SCell. For example, if a FR2 carrier is in a SCell dormancy group and receives dormancy indication, then it does not need to monitor PDCCH until the next DRX cycle. Therefore, network can take advantage of this property and use SCell dormancy indication to selectively wakeup secondary DRX group. In Appendix A.2.2, we provide a quantitative analysis on the power savings that can be achieved in this scenario. Our analysis shows that ~18% more power can be saved than the baseline. 
In this case, because SCell dormancy indication is sent together with WUS, we do not expect much changes to RAN1/2 specs other than those described above for WUS. 
Observation 5. If SCell dormancy is jointly configured with DRX groups, dormancy indication sent outside DRX active time can help save ~18% power.
Case 2. In this case, if secondary DRX group is also configured, we think SCell dormancy operation and DRX operation can be independent from each other. More specifically,  
· If both DRX groups are in DRX active time, SCell dormancy procedure can be performed exactly the same as in legacy (i.e. only a single DRX group is configured);
· If the other DRX group is outside DRX active time, UE can still switch BWP of any carriers in that DRX group according to the received indication (i.e. either from dormant to non-dormant BWP or from non-dormant to dormant BWP).  It is only an implementation matter that UE first stores the new BWP for a carrier and then uses it after that carrier starts DRX active time. 
It is straightforward to see that this case also requires no spec changes. Even though joint configuration in this case may not enable extra power savings, we think it is still beneficial for operators if the two features can co-exist. Otherwise, it would not be desirable if operators are forced to choose one feature over the other. For example, DRX groups may be deployed earlier than other features, because operators typically have more field experience with DRX. Then the artificial exclusivity imposed by the current R16 agreement could delay the deployment of SCell dormancy, which clearly is not desirable for both operators and UEs.
Observation 6. Joint configuration between SCell dormancy and DRX groups can be supported without any change to RAN1 specs.
Based on the above analysis, we propose to add the following objective to the R17 power saving WI: 
Proposal 1. 	Support joint configuration between DRX groups and WUS, SCell dormancy, or both, without changes to their PHY-layer configurations and procedures.
Further enhancements
We think DRX groups can benefit from additional enhancements and it is possible that those enhancements require only upper-layer changes. 
For example, when WUS and DRX groups are jointly configured, additional power can be saved (e.g. ~18% as shown in Appendix A.2.2) if UE can selectively wake up either only its primary DRX group or both groups when WUS indication is received. Since it is desired to avoid impact on RAN1, this behavior can be supported via RRC configuration. 
Another possible enhancement is to wake up one DRX group through upper-layer signaling when the other DRX group is in DRX active time. Currently if a large burst arrives while FR2 carriers are not active, UE has to wait until the next DRX cycle before FR2 carriers can be used to offload the traffic. This limitation has negative impact on throughput and prevents configuration of long DRX cycles. The upper-layer signaling can be a new MAC CE or based on extended use of an existing one.
Although these two features could work independently, we think there are strong synergy if they can work together. For example, selectively waking up only primary DRX group helps UE save power but might have negative impact on its throughput or latency, because FR2 carriers can’t be used until the next DRX cycle. Cross-group wakeup helps avoid that shortcoming. 
In summary, these enhancements are small in scope and do not have RAN1 impact. But they can enable additional power savings and more efficient use of FR2 carrier’s high throughput. We therefore think they are worth studying in R17. 
[bookmark: _Hlk50051899]Proposal 2.  	RAN2 specify upper-layer enhancement that enables waking up one DRX group from another by a MAC CE.
Proposal 3.      If Proposal 1 and 2 are agreed, also specify selective wakeup of DRX groups upon WUS indication based on RRC configuration.
Conclusion
[bookmark: _Toc242573361]RAN is kindly asked to discuss the following proposals: 
Observation 1. Exclusivity between DRX group and WUS or SCell dormancy in R16 is an artifact due to constraint on TEI studies.
Observation 2.	It is feasible to study enhancements to DRX group in R17 Power Saving WI without any change to its current TU allocation, if most of the studies are done in RAN2.
Observation 3. If WUS and DRX groups are jointly configured, UE can save extra ~82% power per DRX cycle when there is no data and ~18% when there is data.
Observation 4. Joint configuration between WUS and DRX groups can be supported with minimal change to RAN1 specs.
Observation 5. If SCell dormancy is jointly configured with DRX groups, dormancy indication sent outside DRX active time can help save extra ~18% power.
[bookmark: _GoBack]Observation 6. Joint configuration between SCell dormancy and DRX groups can be supported without any change to RAN1 specs.
Proposal 1. 	Support joint configuration between DRX groups and WUS, SCell dormancy, or both, without changes to their PHY-layer configurations and procedures.
Proposal 2.  	RAN2 specify upper-layer enhancement that enables waking up one DRX group from another by a MAC CE.
Proposal 3.      If Proposal 1 and 2 are agreed, also specify selective wakeup of DRX groups upon WUS indication based on RRC configuration.
Appendix 
Updated WID
---------------< Text proposal starts >--------------
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN2, RAN4]
a) Study and specify, if agreed, extension(s) to R16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and R16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and R16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
3) Specify upper-layer enhancements to DRX group procedures [RAN2] 
a) Specify UE behaviors that enable joint configuration between DRX group and wakeup signaling, SCell dormancy, or both, that require minimal changes to RAN1 specifications;
b) Specify means to wake up one DRX group from another by a MAC CE;
c) Specify means via RRC configuration to enable selective wakeup of one or both DRX groups upon WUS indication.

---------------< Text proposal ends >--------------
Power analysis
This section provides analysis on power saving gains that can be achieved with enhancements described in Section 2. The assumptions and power numbers used in the analysis, which are listed below, are taken from the R16 power saving evaluation study, which can be found in TR 38.840 [10]. 
	Numerology
	30 KHz

	Number of FR1 carriers
	1

	Number of FR2 carriers
	2

	DRX on duration timer – FR1
	10 msec

	DRX on duration timer – FR2
	2 msec

	DRX inactivity timer – FR1
	40 msec

	Energy consumption due to ramp up and ramp down
	450

	PDCCH only – FR1 (1 carrier)
	100

	PDCCH only – FR2 (2 carriers)
	= 1.7 x 175 = 297.5

	Power consumed by WUS reception (0.7xPDCCH only on FR1)
	70

	Duration of WUS reception
	2 symbols

	WUS offset
	4 msec

	Micro sleep
	45

	PDCCH + PDSCH in same slot – FR1
	300

	Long PUCCH for HARQ feedback
(avg between 0dBm and 23dBm)
	= (250+700)/2
= 475

	Long DRX cycle
	80 msec



Power saving gains by joint configuration between DRX groups and WUS
The baseline in this case is two DRX groups (FR1 vs FR2 carriers), without WUS configured. There is no data received in a DRX cycle. The target case is that WUS is jointly configured with DRX groups and indicates no data (i.e. on duration is not started). Figure 1 and Figure 2 below illustrate the sequence of steps involved in these two cases, respectively. 


Figure 1. Baseline case


Figure 2. Target case (WUS and DRX groups are jointly configured)
The average power consumption per DRX cycle in the baseline case can be calculated as follows:
	FR1 DRX group
	Power
	Time (ms)
	Energy

	Ramp up and down
	
	
	450

	DRX on duration
	100
	10
	1000

	Avg power per DRX cycle
	18.13
	80
	1450

	FR2 DRX group
	Power
	Time (ms)
	Energy

	Ramp up and down
	
	
	450

	DRX on duration
	297.5
	2
	595

	Avg power per DRX cycle
	13.06
	80
	1045

	Total avg power per DRX cycle
	31.19
	
	



The average power consumption per DRX cycle in the target case can be calculated as follows:
	
	Power
	Time (ms)
	Energy

	Ramp up and down – FR1
	
	
	450

	WUS reception
	70
	0.07
	5

	Avg power per DRX cycle
	5.7
	80
	455


Therefore, the power saving gain in this case = (31.19 – 5.7)/31.19 = 82%.
Power saving gains by joint configuration between DRX groups and SCell dormancy or selective wakeup of different DRX groups
The baseline in this case is that UE wakes up both DRX groups after receiving WUS indication. After DRX cycle starts (i.e. UE starts on duration timer), UE receives one DL TB on a FR1 carrier and then enters DRX mode after DRX inactivity timer for the FR1 DRX group expires. In the FR2 DRX group, UE starts DRX on duration timer, but performs no data exchange, then enters DRX mode after DRX inactivity timer for the FR2 DRX group expires. The target in this case is that network use either SCell dormancy indication or RRC configuration to tell UE not to wakeup FR2 carrier in the baseline case.  Figure 3 illustrate the sequence of steps involved in the baseline cases. The target case is the same as the baseline case without the FR2 part.


The average power consumption per DRX cycle in the baseline case can be calculated as follows:
	FR1 DRX group
	Power
	Time (ms)
	Energy

	Ramp up and down
	
	
	450

	WUS reception
	70
	0.07
	5

	WUS offset
	45
	4
	180

	Data reception (PDCCH+PDSCH)
	300
	0.5
	150

	HARQ feedback (long PUCCH)
	475
	0.5
	237.5

	DRX inactivity timer (not including the time spent on data reception and HARQ feedback)
	100
	39
	3900

	Avg power per DRX cycle
	61.5
	80
	4923

	FR2 DRX group
	Power
	Time
	Energy

	Ramp up and down
	
	
	450

	DRX on duration
	297.5
	2
	595

	Avg power per DRX cycle
	13.1
	80
	1045


Therefore, the average power per DRX cycle in the target case = 61.5 (i.e. only FR1 DRX group consumes power). The avg power per DRX cycle in the baseline case = 61.5 + 13.1 = 74.6. The power saving gains hence = 13.1/74.6 = 17.6%.
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