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1. Introduction
The work item on UE power saving enhancements was approved in RAN#86, and the following objectives were identified in relation to power saving in connected mode [1]:
	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 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.




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 0 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. 
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.
[bookmark: _Toc53476436]Study reusing the dynamic search space switching for power saving purposes. Evaluate switching triggers to minimize unnecessary switching.

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. In contrast to the previously discussed mechanism, this one makes an active set of PDCCH monitoring occasions sparser whereas the search space set switching densifies the PDCCH monitoring pattern when required. In combination, these techniques can provide a flexible PDCCH monitoring adaption mechanism in order to adapt to sophisticated scenarios.
[bookmark: _Toc53476437]Study PDCCH skipping indication in DCI in combination with the search space set switching.

4. Relaxed PDCCH and PDSCH processing
A significant power saving can be achieved by reducing the number of Blind Decodes (BD) that are performed per slot. However, this comes at the cost of increased PDCCH blocking rates. Thus, to overcome this limitation the number of effective BDs per slot can be decreased while maintaining the number of total BDs per PDCCH monitoring occasion by increasing the span gap to a multiple of a slot.
This would automatically increase the time separation between PDCCH monitoring occasions. By adapting the minimum scheduling offset accordingly, the UE is granted more time to perform the required number of BDs thus reducing the effective number of BDs per slot. This way the PDCCH blocking rate can be kept at the same level compared to the baseline of full BD while benefiting from the power savings of a reduced BD effort.


Furthermore, the network could adapt the span gap and the minimum scheduling offset to fit the current needs. The number of BDs per slot can be scaled accordingly, such that the effective number of BDs per slot stays the same.
[bookmark: _Toc53476438]Proposal: Span gaps of multiples of a slot should be supported to reduce the BD burden of power saving UEs. Furthermore, the minimum scheduling constraint shall be adapted accordingly.



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.
[bookmark: _Toc53476439]Proposal: The PDSCH processing time shall be adaptable based on certain parameters, e.g. the minimum scheduling offset. Study further parameters that could be used for the adaption of the PDSCH processing time.

5. Conclusions
The following proposals have been made in this document:

Proposal 1:	Study reusing the dynamic search space switching for power saving purposes. Evaluate switching triggers to minimize unnecessary switching.
Proposal 2:	Study PDCCH skipping indication in DCI in combination with the search space set switching.
Proposal 3:	Proposal: Span gaps of multiples of a slot should be supported to reduce the BD burden of power saving UEs. Furthermore, the minimum scheduling constraint shall be adapted accordingly.
Proposal 4:	Proposal: The PDSCH processing time shall be adaptable based on certain parameters, e.g. the minimum scheduling offset. Study further parameters that could be used for the adaption of the PDSCH processing time.

6. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942][bookmark: _Toc21338854][bookmark: _Toc21338955]References
[bookmark: _Ref29284561]RP-193239, New WI: UE Power Saving Enhancements, MediaTek.
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