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1. Introduction
The work item on UE power saving enhancements was approved in RAN#86, and the following agreements were made during the last meeting [1]:
	Agreements:
Observation: 
· Each of the following schemes is individually shown to be beneficial for UE power saving compared to the baseline.
· Dynamically switching search space set
· Dynamically skipping PDCCH monitoring for a certain duration or until next DRX ON
· At least the following Rel-15 and/or Rel-16 power saving solutions have been utilized for baseline,
· For eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT or long IAT), Wake-up signal, Cross-slot scheduling, CA/Scell dormancy, MAC-CE skipping, BWP switching
· For VoIP traffic,
· DRX setting(only long DRX cycle with a short IAT), Wake-up signal,  Cross-slot scheduling, MAC-CE skipping
· For IM traffic,
· DRX setting(long DRX cycle [with a short IAT]), Wake-up signal
· For intensive eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT), Wake-up signal, Cross-slot scheduling, [CA/Scell dormancy], MAC-CE skipping, BWP switching
· Note: intensive eMBB traffic is optional and companies may use FTP model 3 with different packet size and mean data arrival time, e.g., 15ms, 30ms, 50ms or 100ms. 
· Note 1: For Search space switching, switching from 1slot monitoring to 2, 4, 8, 10, 16 or 32 slot with 30kHz SCS (FR1) and 120kHz (FR2) is utilized.
· Note 2: For PDCCH skipping , skipping 2ms, 4ms, 5ms, 8ms, 15ms, 16ms, 32ms,  64ms or to next DRX cycle is utilized
· Note 3: the baseline assumed may vary across companies

Decision: As per email decision posted on Nov. 13th, 
Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation in time-domain for active time,
· Option 1: Search space set group switching,e.g., potential adjustments/enhancements forincluding explicit and implicit search spaceset group switching specified in R16 for NR-U 
· Option 2: PDCCH skipping for a certain duration / DRX cycle
· FFS: which option(s)(e.g. taking into account additional gain of option 1 over option 2, or vice-versa)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1(including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.
· Note:
· Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)
· FFS: other schemes are not precluded for further study




This contribution discusses and analyses issues and potential enhancements for power saving in connected mode.

2. Dynamic PDCCH Monitoring Adaption
In Rel-16, dynamic search space switching was introduced for access to unlicensed bands. This mechanism allows for dynamic switching of search space monitoring periodicities within a BWP. Although being introduced for a different purpose, this mechanism can be adapted and reused for power saving purposes. 
In the current procedure, search spaces are grouped into two search space groups, 0 and 1. The UE monitors search spaces associated with group 0 upon detecting a DCI and then changes to search space group 1, responsively. Adapting to power saving, search space group 1 can be used to configure the UE with a sparse set of monitoring occasions which can be switched to more dense monitoring periodicities on demand based on the traffic, as depicted in Figure 1.
[image: ]
[bookmark: _Ref61431725]Figure 1: PDCCH monitoring sparsening by utilizing the SS switching mechanism. 
One aspect of future studies is how to trigger the search space group switching. Since the procedure was defined to handle out-of-COT and in-COT switching, any DCI format detected in group 0 can trigger a switch. However, in power saving it depends on different requirements, such as whether more follow-up traffic is expected. An unrequired search space switching by a single incoming packet should be avoided. Hence, an indication whether to trigger or not to trigger a switch is required. On the other hand, a separate DCI to trigger the switch increases the control payload significantly and also increases the BD burden on the UE.
Observation 1: SS switching reduces the power consumption. However, the triggering mechanism has to be well-designed otherwise the power saving may become negligible.
To overcome aforementioned limitations, we propose that RAN1 focuses on efficient ways to implicitly signal an SS switch. The minimum scheduling offset is such an implicit signaling which could be reused to trigger a change of the SS groups and further provide an additional power saving gain thanks to internal processing relaxations, see Figure 2 below.
[image: ]
[bookmark: _Ref61867314]Figure 2: SS group-based periodicity switching triggered using min-offset indication.
Hence, a minimum scheduling offset smaller than a certain offset may indicate that the UE is supposed to monitor the dense SS group and vice versa, a larger offset may signal to apply a sparser monitoring pattern. The main advantages of this approach can be summarized as 
· No explicit signaling required to indicate an SS group switch,
· Additional power saving gain thanks to cross-slot scheduling.
[bookmark: _Toc61869177]Adopt dynamic search space switching using implicit signaling to trigger a switch, e.g., minimum scheduling offset.

3. PDCCH Skipping Indication
A complementary mechanism to the dynamic PDCCH monitoring adaption may be implemented in the form of a PDCCH skipping indication. An indicator field in a DCI may indicate to the UE to skip the next k PDCCH monitoring occasions. However, given that the dynamic search space switching can achieve the same with less signaling overhead, the need for PDCCH skipping indication is not clear. Further, as elaborated in the previous section dynamic search space switching can even increase the power saving gain in combination with cross-slot scheduling. Hence, PDCCH skipping indication seems not to provide any advantage over the dynamic search space switching.
[bookmark: _Toc61869178]Deprioritize PDCCH skipping indication.

4. Relaxed PDSCH processing
The minimum scheduling offset relaxes the PDCCH processing timeline of the UE. The same technique can also be applied in principle to PDSCH processing. Based on certain parameters, such as the minimum scheduling offset, the UE can be configured with more stringent or more relaxed times to process its PDSCHs, so that it can clock down its processing circuits in order to save power. This would essentially affect the HARQ timeline. However, depending on the current requirements, the network could configure this feature accordingly in order to achieve a certain target latency. Furthermore, this feature could also be coupled to the minimum scheduling offset or the SS groups to reduce required signaling.
[bookmark: _Toc61869179]The PDSCH processing time shall be adaptable based on certain parameters, e.g., the minimum scheduling offset or the currently active SS group. 

5. Conclusions
The following proposals have been made in this document:
Proposal 1:	Adopt dynamic search space switching using implicit signaling to trigger a switch, e.g., minimum scheduling offset.
Proposal 2:	Deprioritize PDCCH skipping indication.
Proposal 3:	The PDSCH processing time shall be adaptable based on certain parameters, e.g., the minimum scheduling offset or the currently active SS group.
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[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #103-e
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