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1 Introduction
In the previous SI objectives of the approved Rel-17 New SID on support of UE power saving, the main motivation is to introduce additional enhancements to address outstanding issues in Rel-16 as captured as follows [1]:

	2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]

a) Study and specify, if agreed, extension(s) to Rel-16 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 Rel-16 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 Rel-16 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


In this contribution, we give some general principles on UE power saving for RRC-CONNECTED State in the scope of the study item and our views on UE power saving for RRC-IDLE and RRC-INACTIVE State can be found in our companion paper [2].
2 Discussion
2.1 Discussion on reducing PDCCH monitoring
2.1.1 WUS/PDCCH Skipping applying to RRC-CONNECTED state UE power saving
Wake-up indication (i.e. WUS) conveyed by DCI format 2_6 outside Active Time is introduced for DRX long cycle in Rel-16, but it has not been decided whether to apply it for DRX short cycle yet. Meanwhile, there seems to be huge enthusiasm to study PDCCH skipping further in R17 UE power saving. According to RAN2’s previous analytical results [2], the current MAC CE with a DRX short cycle can achieve the similar power saving gain as PDCCH skipping and when WUS applies to both long DRX cycle and short DRX cycle, it will bring even more gain. If WUS is not applied to DRX short cycles, we are wondering whether this conclusion still holds.
In this contribution, we analysed the results of PDCCH skipping of 10ms compared with different DRX short cycles with or without WUS. FTP traffic model is used and the simulation configurations are added to the appendix.
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Figure 1 Performance comparison of WUS amd Skipping when IAT=100ms
Discussion on result 1:

· Appropriate DRX configuration can bring similar power saving gain compared to the PDCCH skipping when WUS is applied to DRX short cycle (i.e., L+S WUS Short Cycle 10*10, highlighted by the green box).

· Appropriate DRX configuration can bring similar power saving gain compared to the PDCCH skipping even WUS is not applied to DRX short cycle (e.g. L WUS +Short Cycle 40*3, highlighted by the blue box).
Observation 1: Appropriate DRX configuration with or without WUS applying to DRX short cycle can achieve the same performance as PDCCH skipping.
Some companies use short Inactivity Timer to verify the PDCCH skipping [3][4]. In order to get alignment for simulation, Figure 2 shows the performance of the PDCCH skipping combining DRX long and short cycle when IAT is 5ms.
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Figure 2 Performance comparison of WUS amd Skipping when IAT=5ms
Discussion on result 2:
· WUS applying to DRX short cycle is useful for power saving compared with WUS only applying to DRX long cycle;

· WUS applying to DRX short cycle can almost achieve the same performance compared to PDCCH skipping while IAT is 5ms (e.g. L+S WUS Short Cycle 20*5, highlighted by the green box).
Observation 2: WUS applying to DRX short cycle can almost achieve the same performance compared to PDCCH skipping while IAT is short.
Based on the observations, it seems that an appropriate DRX configuration with/without WUS applying to DRX short cycle can achieve the same performance as PDCCH skipping no matter what the IAT timer is. And WUS applying to DRX short cycle is useful for power saving compared with WUS only applying to DRX long cycle especially for FTP traffic models. From RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network. However, we are open to further discuss PDCCH skipping in Rel-17 if there are some valid scenarios to support it.
Proposal 1: RAN2 is suggested to further consider the WUS/PDCCH Skipping for RRC-CONNECTED state in Rel-17 UE power saving.
2.1.2 Dual DRX
Regarding to Dual DRX, RAN2 has tried to have a solution to be simple with minimal RAN1 impact and RAN2 finally had the Dual DRX in R16 as decided at the last RP. Since the solutions are simple, there are some issues are not well resolved:
Issue1: DCP and Dual DRX

Joint configuration of DCP and secondary DRX is not supported in REL-16 currently. And a lot of companies suggested a simple and straightforward way of using DCP with both DRX groups and a single WUS bit is needed. However, if the two DRX groups have different traffic patterns and the traffic on FR2 is more dynamic, this involved frequent BWP switching as shown below. It seems that a single WUS bit is more expected to be used in this limited scenarios when two DRX groups have similar traffic patterns. To support the scheduling flexibility for Dual FR chains, an additional WUS indication for FR2 DRX group is needed. And it involves the WUS design in RAN1.
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Figure 3 Comparisons of a single WUS bit and separate WUS bits
Issue2: Separate DRX Command MAC CEs or a common DRX Command MAC CE
According to RAN2 agreed CR, It was agreed that The (Long) DRX Command MAC CE controls the DRX cycle switch of both DRX groups. However, it is not necessary that FR2 should also be kept in short DRX while there is only traffic left on FR1 when short DRX is triggered originally on both RF chains. It is nice to have a separate MAC CE to terminate the DRX Short cycle for the other DRX group. However, if the WUS can be applied to DRX Short cycles on FR2, then WUS itself can solve this problem without extra mechanism.
Issue3: Active time definition
Regarding to the active time definition for Dual DRX triggered by SR or RAR reception with CFRA, people agreed that both DRX groups will be woke up and UE will assume the following UL/DL grants will be possibly sent on both DRX groups which may actually not. We are wondering if there can be some indications from the network (e.g., the network put an indication in RAR to tell the UE to wake up on the target group) to help the UE for better power saving.
Considering that the solution in R16 is not mature enough and the unpredicted impact on RAN1/RAN2/RAN4, we are open to put it to R17 power saving for further study which can be falling in the scope of Connected-mode UE power saving in R17.
Proposal 2: The Dual DRX should be further discussed in Connected-mode UE power saving in R17 UE power saving SI.
2.2 Discussion on RRM measurement for power saving
According to the evaluation from TR 38.840[5], 11.1% - 26.6% and 7.4 – 17.8% power saving gain are shown for increasing measurement period 4 times and 2 times respectively for RRC-CONNECTED state. For low mobility case (e.g. 3km/h), handover failure rate changes form 0% to 0.26% by extending 4 times measurement period which means increasing measurement period has less impact to the mobility performance.

In current mechanism S-Measure is used to determine whether to relax the measurement for neighbour cell in RRC-CONNECTED. When the measurement result is higher than the threshold, the UE will not perform the measurement for neighbour cell. Otherwise, the measurement should be performed. Such threshold is similar to the measurement mechanism in RRC-IDLE. Now that RRM measurement for neighbour cell can be relaxed based on not-at-cell-edge and low-mobility scenarios in RRC-IDLE. So we think the similar measurement relaxation mechanism should be studied for RRC-CONNECTED.
Proposal 3: The similar RRM measurement relaxation mechanism specified in RRC-IDLE mode in Rel-16 power saving WI should be studied in RRC-CONNECTED mode.
2.3 Discussion on UE assistance signalling
In R16 UE power saving, UE assistance signalling is thoroughly discussed and UE can report the assistance information, such as C-DRX parameters, maximum number of SCells, maximum aggregated BW, maximum MIMO layer and minimum K0/K2, to assist network to configure proper parameters. The necessity to introduce more assistance information is not clear. We would like to have more assistance information deprioritized in Rel-17. However, since RAN2 agreed that fast transition from Connected to Inactive/Idle is beneficial, it seems useful that a UE indicates its preference of transitioning out of RRC_INACTIVE state.
Proposal 4: RAN2 to deprioritize more assistance information in R17 UE power saving SI.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Proposal 1 RAN2 is suggested to further consider the WUS/PDCCH Skipping for RRC-CONNECTED state in Rel-17 UE power saving.
Proposal 2 The Dual DRX should be further discussed in Connected-mode UE power saving in R17 UE power saving SI.

Proposal 3 The similar RRM measurement relaxation mechanism in RRC-IDLE should be studied for RRC-CONNECTED.
Proposal 4 RAN2 to deprioritize more assistance information in R17 UE power saving SI.
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5 Appendix 

1) Simulation cases of Figure 1

	Case
	DRX Long Cycle(ms)
	onDuration timer (ms)
	Inactivity timer (ms)
	DRX Short Cycle (ms)
	Number of short cycles
	Skipping 

(ms)
	WUS applies to 

	Case0
	160
	8
	100
	　
	　
	　
	　

	Case1
	160
	8
	100
	　
	　
	10
	　

	Case2-1
	·160
	8
	100
	10
	10
	　
	L

	Case2-2
	160
	8
	100
	10
	10
	　
	L+S

	Case3-1
	·160
	8
	100
	20
	5
	　
	L

	Case3-2
	160
	8
	100
	20
	5
	　
	L+S

	Case4-1
	·160
	8
	100
	40
	3
	　
	L

	Case4-2
	160
	8
	100
	40
	3
	　
	L+S


2）Simulation cases of Figure 2

	Case
	DRX Long Cycle(ms)
	onDuration timer (ms)
	Inactivity timer (ms)
	DRX Short Cycle (ms)
	Number of short cycles
	Skipping
(ms)
	WUS applies to

	Case0
	160
	8
	5
	20
	5
	　
	　

	Case1
	160
	8
	5
	20
	5
	10
	　

	Case2-1
	160
	8
	5
	20
	5
	　
	L

	Case2-2
	160
	8
	5
	20
	5
	　
	L+S
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