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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The UE power saving WID was revised in RAN#84 [1] to include objectives based on the outcome of the RAN2 SI phase which concluded in June. In particular, objectives on relaxation of RRM measurements and UE assistance information were added. The objectives of the UE power saving WI are the following: 
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
0. Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
Note: Any change of PDCCH channel coding and payload interleaver is not in the scope

0. Specify the procedure of cross-slot scheduling power saving techniques [RAN1, RAN4]

Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

1. Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
1. Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
0. Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
1. Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]
Note: Switching on/off the RF is part of the evaluation

1. Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state.[RAN2]

1. Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
3. Study and select amongst the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  

1. Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
4. [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing number of cells/carriers to be measured [RAN4, RAN2]
4. Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
1. Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 
Note: 
The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85
· Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  
· Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed
· Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity
In this contribution, we discuss Rel-16 UE power saving topics and provide our views taking into account the findings of the SI [5], the RAN1 agreements [2,3] and the RAN discussions/conclusions[4] that resulted in the agreement of the current WID [1]. 

Discussion 
PDCCH skipping
PDCCH skipping was considered during the study phase, and evaluation results [1, Table 10] showed substantial gains in UE power consumption. When there is no data to be transmitted to the UE, gNB sends an indication to the UE to skip PDCCH monitoring for a certain time duration, after which the UE resumes monitoring PDCCH according to the configured DRX cycle. The indication sent by gNB can be DCI-based so that multiplexing with other signals is possible and the reliability is guaranteed. The main advantage of such signaling is the dynamic adaptation of PDCCH skipping which allows a larger power saving gain. The gNB can dynamically control and optimize UE power consumption and data transmission, e.g. gNB indicates a shorter period for PDCCH skipping for better latency performance, or a longer period if latency requirements are less stringent or there is no data to transmit so that more UE power saving can be achieved. 
It is noted that there is no impact to the DRX cycle and there is no need to reconfigure the UE to modify the DRX cycle when PDCCH skipping is used. The UE behaviour is according the configured DRX and, if indicated, UE will skip monitoring PDCCH in certain parts of the Active Time. Moreover, PDCCH skipping can be used also if DRX is not configured although the RAN1 discussions and evaluation focused on the case where DRX is configured.
During RAN1#96bis meeting, PDCCH monitoring was listed, among other solutions, in the RAN1 agreement as one of the power saving technique to be considered. It was noted that there were concerns regarding the potential dependence of PDCCH skipping from the RAN2 work since the RAN2 SI on UE power saving was still ongoing at that time. 
Agreement in RAN1#96bis:
Potential DCI contents in DCI format(s), to be further investigated:
…..
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemed by some companies to be not in the scope of the power saving WI approved so far 

The RAN2 SI was concluded in RAN#84 and the WID was revised. Although there is no dependency of PDCCH skipping and RAN2 work, and as mentioned above, PDCCH skipping can be used with or without DRX configured, PDCCH skipping was not added as an objective of the WID after an intense discussion in RAN#84.  However, it was noted in the RAN#84 report [1] that PDCCH skipping aspect can be further discussed in RAN#85.
Observation 1: For UE power saving, PDCCH skipping provides UE power saving gains and scheduling flexibility. PDCCH skipping should be added to the Rel-16 UE power saving WI in RAN#85. 

Information carried by the power saving signal
The inclusion of the words “to wake up” in objective “1 a)” of the updated WID at RAN#84 was very contentious, and only agreed with the caveat that “1 a)”  is not intended to violate RAN1 agreements and that the RAN1 agreements shall be honored. As in the RAN1 agreement below, go-to-sleep has been discussed, and the evaluated gains are shown in the TR [3, Table 10]. The GTS signaling has been discussed and evaluated in RAN1, and the introduction of this functionality seems to be a RAN1 issue.
Agreement in RAN1#96bis:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
…
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 

In addition to wake-up/go-to-sleep, the PDCCH-based signal will carry functionality related to other WID points, such as switching between cross-slot and same-slot scheduling and adapting MIMO layers / RF ports. Further discussion is needed to optimize the signaling and reduce resource overhead to support these functions.
There are also a few other aspects that RAN1 decided to investigate in RAN1#96bis with conditional RAN1#97 agreements (shown below) made pending the WID revision in RAN#84. These aspects include: Triggering RS transmission, CSI report, and PDCCH monitoring periodicity. These were not included in the WID update, and we should not take more time on the aspects above in Rel-16. They can be considered, if necessary, in Rel-17.

Agreements in RAN1#97:
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 
· FFS a single vs. multiple durations, particularly checking consistency with RAN2 agreements
Further study in the new DCI how to potentially indicate at least the following techniques (subject to further WID update):
Indicating UE to use the aperiodic RS
Aperiodic CSI-RS 
Aperiodic SRS
TRS
Triggering aperiodic CSI report
Cross-slot scheduling
Rel-15 DCI-based BWP switching
The power saving techniques can be explicitly included in the DCI contents or implicitly indicated by other techniques (e.g., BWP switching).

Observation 2: For UE power saving, functionalities other than wake-up should be carried by a PDCCH-based signal transmitted outside the Active Time, e.g., the GTS functionality should be considered as per RAN1 agreement and RAN discussion.
Observation 3: No further work on Triggering RS transmission, CSI report, and PDCCH monitoring periodicity should be done in Rel-16. Consider them, if necessary, in Rel-17. 

UE assistance information
UE assistance information is an important aspect in UE power saving because it provides the network with information to better select configurations and settings so that the benefits of the introduced functions can be fully realized. In the revised WID [1], objective 4) on UE assistance information has been added. It is made explicitly clear in the Note for the WID objective that “additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1”. RAN1 should therefore discuss this topic and select the preferred UE information. 
Some of the evaluations done during the study phase in RAN1 can be used as guidance to decide which parameters and settings are most useful for power saving. The preferred UE information may include parameters for C-DRX configuration (length of DRX cycle, On Duration and Inactivity Timer), for BWP configuration (desired bandwidth), for CA configuration (number of carriers, total bandwidth to be aggregated, which carriers to configure), for MIMO layer adaptation (UE desired maximum number of layers, and/or UE desired number of antennas) and for processing timeline (UE desired value of K0, K1 and K2).
[bookmark: _Ref129681832]Observation 4: For UE assistance information, RAN1 should discuss and select the UE assistance information for better configuring power saving techniques.

Conclusions
This contribution provides our views on the Rel-16 UE power saving work, which lead to the observations as follows:
Observation 1: For UE power saving, PDCCH skipping provides UE power saving gains and scheduling flexibility. PDCCH skipping should be added to the Rel-16 UE power saving WI in RAN#85. 
Observation 2: For UE power saving, functionalities other than wake-up should be carried by a PDCCH-based signal transmitted outside the Active Time, e.g., the GTS functionality should be considered as per RAN1 agreement and RAN discussion.
Observation 3: No further work on Triggering RS transmission, CSI report, and PDCCH monitoring periodicity should be done in Rel-16. Consider them, if necessary, in Rel-17.
Observation 4: For UE assistance information, RAN1 should discuss and select the UE assistance information for better configuring power saving techniques.
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