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The UE power saving work in Rel-16 focuses on power saving techniques in CONNECTED state, which include PDCCH based power saving signal for DRX adaptation, cross slot scheduling, maximum MIMO layer adaption and fast secondary cell dormancy.

Additional enhancement in CONNECTED state is proposed in Rel-17 UE power saving WI [1]:


Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime   

· Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
· Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Timer 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.


Power Saving Signal/Channel Inside Active Time
Timer based solution  
Timer based solution has been adopted in DRX operation, which can be used for baseline comparison. A combination of long DRX cycle, optional short DRX cycle and MAC CE can potentially provide flexible and efficient method for UE power saving. 

However, the choice of good parameter set for DRX is not an easy task, and it has not been fully utilized so far in live networks. When traffic pattern is predictable, for example VoIP application, network could use fairly optimized CDRX parameters e.g., 40ms of CDRX cycle with 4ms for ON duration, etc. In other cases, always fixed parameter set is used (e.g., long DRX cycle = 160ms, inactivity timer = 100ms, and on duration timer = 10ms). To optimize power consumption, MAC CE can be used to freeze the inactivity timer dynamically. Optional short DRX cycle can be further configured to reduce application latency. Fig. 1 (a)(b)(c) has shown some example configurations.  
 
To evaluate the benefit of additional power saving signal/channel, the baseline performance should assume a set of agreed timer value and evaluate with different traffic pattern.  

[image: ]
Fig. 1. Examples of power saving methods inside Active time 
 
PDCCH Skipping
PDCCH monitoring without scheduling grant can be caused by the dynamic traffic pattern, or due to network load condition. The concept of PDCCH skipping provide an effective way to reduce PDCCH monitoring, improving UE power saving performance in various traffic pattern and network load condition. It can be used with or without DRX configuration. Examples of using skipping DCI with long DRX or long/short DRX configuration is shown in Fig. 1 (d)(e).    

The PDCCH skipping bit can be added to existing scheduling DCI and sent together with the last scheduling grant before skipping. The PDCCH skipping can also be sent when without scheduling grant.  
Dynamic change of PDCCH monitoring parameters
PDCCH monitoring pattern is configured by RRC signaling in Rel-15. Another approach to reduce PDCCH monitoring is to dynamically change the monitoring pattern. UE can be configured with multiple PDCCH monitoring configurations by RRC, and dynamic switching between the monitoring pattern using additional bits in scheduling DCI. An example of 2 monitoring patterns with one-bit toggling is shown in Fig. 1 (f)(g).    

Similar as PDCCH skipping, the PDCCH monitoring pattern change can be used with or without DRX configuration. One potential drawback is that if UE miss the scheduling DCI with monitoring pattern change, UE will have trouble for future PDCCH receiving. 
 

Proposal 
· Consider the support of additional power adaption method in active time.  
· Dynamic PDCCH monitoring skipping  
· Dynamic change of PDCCH monitoring parameters 
Conclusions
In this contribution, we discussed additional power saving adaptation method in active time. Performance evaluation with a set of typical DRX configuration, together with Rel-16 wake up signaling and cross-slot scheduling is recommended.

Proposal 
· Consider the support of additional power adaptation method in active time 
· Dynamic PDCCH monitoring skipping  
· Dynamic change of PDCCH monitoring parameters 
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