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Introduction
In WID [1], the following objective was agreed:
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 LSThis contribution discusses enhancements of techniques of paging enhancements, and provides evaluation methodology and simulation results on power saving gain.
In this contribution, we discuss the enhancements on power saving techniques for connected-mode UE during DRX Active Time.
Enhancements of power saving techniques for connected mode
In Rel-16 UE power saving, following 3 power saving techniques are specified as below:
· PDCCH monitoring indication outside DRX Active Time
· Cross-slot scheduling based power saving technique
· Maximum MIMO layer adaptation with BWP switching
Since above Rel-16 techniques have some limitations in use, so that each technique can be revisited for enhancements in Rel-17. The motivation and potential enhancements directions are described through the following sub-sections.
PDCCH monitoring indication during DRX Active Time
Rel-16 PDCCH monitoring indication is only applicable outside DRX Active Time. That is, the UE may or may not skip the whole DRX cycle depending on the wake-up indication from DCI format 2_6. It results in larger latency loss especially for heavy traffic since the UE needs to wait until the next DRX cycle to receive a data packet if DCI format 2_6 indicates not to wake-up. Therefore, it is well motivated to introduce power saving signal for the dynamic PDCCH monitoring indication during DRX Active Time as well. Figure 1 shows an example of dynamic PDCCH adaptation based on SS set switching. If there is a traffic SS#1 configured with shorter monitoring periodicity can be activated, while, if there is no or less traffic SS#2 configured with longer monitoring periodicity can be activated. By doing this, power saving gain can be achieved even during the DRX Active Time. Since the SS set switching is already specified in Rel-16 NR-U, it can be a good starting point for Rel-17 discussion. 



Figure 1. Enhancement of dynamic PDCCH indication for Rel-17

Proposal 1: Support power saving signal for dynamic PDCCH adaptation during DRX active time.  Search space set switching specified in Rel-16 can be a starting point.

Enhancements of cross-slot scheduling based power saving technique
Joint adaptation on PDCCH monitoring and minimum scheduling offset
For adaptation on min K0/K2 with candidate values larger than one, a UE can achieve power saving gain by means of 1) no PDSCH buffering, 2) micro-sleep after receiving PDCCH, 3) relaxing PDCCH processing timeline, etc. However, if the PDCCH monitoring periodicity is less than the minimum applicable K0/K2, UE cannot fully achieve the power saving gain due to the following issues. 
Firstly, without considering on the PDCCH monitoring periodicity, the PDCCH processing time can be relaxed to a duration that is less then minimum K0/K2 for power saving purpose. However, the PDCCH monitoring occasions between a time of PDCCH reception and a time of potential PDSCH reception will accumulate to be processed. As illustrated in Figure 2, due to the accumulated PDCCH monitoring occasions over time, a UE has to start buffering PDSCH samples. In addition, the micro-sleep duration after receiving PDCCH is limited by the next PDCCH monitoring occasions other than the minimum K0/K2 as illustrated in Figure 3. 
Therefore, joint adaptation on PDCCH skipping should be considered when UE wants to relax the PDCCH processing timeline for power saving purpose.
There are two options for joint adaptation on PDCCH skipping based on the dynamically indicated minimum applicable value for K0/K2, i.e. Kmin. 
· Option 1) UE adapts PDCCH periodicity to be no smaller than Kmin. 
· Option 2) UE skips remaining PDCCH monitoring within time period [n, n+minK0), where n is the first PDCCH monitoring occasion with a periodicity.



Figure 2. Joint adaptation on PDCCH monitoring and minimum scheduling offset 

Proposal 2: Support joint adaptation on minimum scheduling offset and PDCCH skipping when the UE is operated with cross-slot scheduling based power saving.

Joint adaptation on PDSCH processing time and minimum scheduling offset
NR Rel-16 supports adaptation on minimum scheduling offset K0/K2 based on an indication carried in a DCI format 1_1 or 0_1. Therefore, UE can reduce power consumption by relaxing PDCCH processing, avoid buffering PDSCH reception, and operates in micro sleep mode during the active time in RRC_CONNECTED state. However, in order to achieve power saving from relaxed processing, it’s essential to consider relaxation on both PDCCH processing timeline and PDSCH reception and ACK/NACK feedback timeline, so that UE can lower the clock rate for all DL processing modules.  For example, a minimum PDSCH processing time,  , can be defined as minimum time offset between a first symbol of a PDSCH reception providing one or more transport blocks and a first symbol of a PUCCH transmission with HARQ-ACK information in response to the reception of the transport blocks.
To reduce system overhead on signaling processing, the minimum applicable scheduling offset indicator can be reused to provide joint indication of  and , as illustrated in Figure 4.



Figure 4: Joint adaptation on PDSCH processing time and minimum scheduling offset

Proposal 3: Support joint adaptation on minimum PDSCH processing time and minimum scheduling offset.

Enhancements of maximum number of MIMO layers adaptation
In Rel-16, the maximum number of DL MIMO layers can be configured per DL BWP and adaptation of it is based on the BWP switching. As a result, since the BWP switching operation is always required for UE antenna adaptation, the UE will consume additional power for the active BWP change. Therefore, it would be beneficial to support antenna adaptation method which does not require BWP switching for further power saving. As a possible approach, dynamic indication of the maximum number MIMO layers within an active BWP can be considered in Rel-17.



Figure 3. Example of dynamic antenna adaptation

Proposal 4: Support maximum MIMO layer adaptation without BWP switching

Evaluation methodologies
In Rel-16, the power saving techniques is targeted for relatively low loaded traffic types such as FTP traffic with 0.5MB packet size and 200ms inter-arrival time and instant message with 0.1MB packet size and 2s inter-arrival time. It is desirable that Rel-17 targets heavier data traffic such as video streaming or gamming that would be the main use-scenarios of NR. To this end, a data-intensive traffic model can be considered on top of Rel-16 traffic model for the evaluation purpose. For simplicity, we can re-use the FTP Model 3 with larger packet size and shorter inter-arrival time, e.g., 1MB packet size and 50ms inter-arrival time.

Proposal 5: Consider data-intensive traffic model that is modelled by FTP Model 3 with 1MB packet size and 50ms inter-arrival time
Conclusion
This contribution discussed potential enhancements for power saving techniques for DRX Active Time and following proposals are made.
Proposal 1: Support power saving signal for dynamic PDCCH adaptation during DRX active time.  Search space set switching specified in Rel-16 can be a starting point.
Proposal 2: Support joint adaptation on minimum scheduling offset and PDCCH skipping when the UE is operated with cross-slot scheduling based power saving.
Proposal 3: Support joint adaptation on minimum PDSCH processing time and minimum scheduling offset.
Proposal 4: Support maximum MIMO layer adaptation without BWP switching

Proposal 5: Consider data-intensive traffic model that is modelled by FTP Model 3 with 1MB packet size and 50ms inter-arrival time
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