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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]:
	Agreement
Confirm the four working assumptions(extracted from package 1)
Working assumption:
· Beh 1: PDCCH skipping is not activated
Working assumption:
· Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported
Working assumption:
· At most 3 SSSGs is supported to be configured for PDCCH monitoring adaptation.
Working assumption:
· Beh 2B: stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring of SS sets associated to SSSG#2.

Agreement 
Scheduling DCIs indicating timer value for a SSSG is not supported.
Agreement
For Beh 1A,
· The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among multiple RRC configured values by scheduling DCIs indicating PDCCH schedules data
· The bits for indicating PDCCH monitoring adaptation also indicating skipping duration. Details FFS

Agreement
The bit mapping of DCI indication PDCCH monitoring adaptation is as follows,
· For Case 1 (i.e., PDCCH skipping), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=1
· ‘0’ is Beh 1 and ‘1’ is Beh 1A
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=2 or 3
· ‘00’ is Beh 1
· ‘01’ is Beh 1A with skipping duration 1
· ‘10’ is Beh 1A with skipping duration 2
· ‘11’ is Beh 1A with skipping duration 3 if M=3, reserved if M=2
· For Case 2 (i.e., 2 SSSG switching) , the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘0’ is Beh 2 and ‘1’ is Beh 2A
· For Case 3 (i.e., 3 SSSG switching) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· [‘11’ is reserved]
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors, 
· FFS details bit mapping
· FFS: For Case 5 (i.e., 3 SSSG switching and skipping)
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
· FFS Timer behavior when Beh 1A is indicated
· Note: The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among M RRC configured values by scheduling DCIs indicating PDCCH schedules data
· FFS whether to restrict Skipping duration to be shorter than SSSG initial timer value
· FFS whether the configuration is same or different for DCI format x_1 and DCI format x_2

Decision: As peremail decision posted on Oct 21st,
Agreement
· The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as
· {[1...20,40,60,80,100]} for 15 kHz SCS,
· {[1...40, 80,100,160,200]} for 30 kHz SCS,
· {[1...80, 160,200,320,400]} for 60kHz SCS,
· {[1...160,320,400,640,800]} for 120kHz SCS
Agreement
· If the UE monitors PDCCH according to SSSG#1 and the timer expires, the UE starts monitoring PDCCH according to Beh 2.
· If the UE monitors PDCCH according to SSSG#2 and the timer expires,
· Alt 1: the UE monitoring PDCCH according to Beh 2
· Other alternatives are not precluded
· Timer can be optionally configured.
Agreement
Select one of the alternatives from the following:
· Alt 1: Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.
· Alt 2: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per cell.
· Alt 3: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
Agreement
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered,
· For PDCCH skipping,
· Option b
· Option f
· Option d for downlink grant and Option c for uplink grant
· Option i
· Option j
· Note: down-select based on the options in RAN1#107-E
· For SSSG switching,
· Option a
· Option d for downlink grant  and Option c for uplink grant
· Option h
· Option b
· Option d for downlink grant and Option g for uplink grant
· Note: down-select based on the options in RAN1#107-E
· The Options a – j are defined as follows,
· Option a: the application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused.
· [image: ] for SCS configuration [image: ], FFS X = 25 or 39
· FFS: [image: ]
· Option b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
· Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
· Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
· Option e: after successfully decoding TB.
· Option f: Application delay should be “ZERO” for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
· Option g: Application delay(s) are configured via RRC signaling
· Option h: Application delay applies after drx-RetransmissionTimerUL expires
· Option i: Leave up to implementation
· Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g ( application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
· Other options not precluded.
· FFS reference points for the application delay,
· FFS whether the same or different and how application delay for PDCCH monitoring adaptation indicated by DCI and timer expiration
· FFS non-scheduling DCI if supported




This contribution discusses and analyses issues and potential enhancements for power saving in connected mode.
2. Dynamic PDCCH Monitoring Adaption
In the last meeting, it has been a common design which supports the functionalities of SSG switching as well as PDCCH skipping, has been agreed. Furthermore, it is of importance to keep the standardization efforts as low as possible. Hence, reusing already specified features to enable these functionalities are to be favored. 
The SSSG framework is to be extended to accommodate the needs of the power saving WI. Furthermore, PDCCH skipping is to be supported on top as an independent procedure which enables using the PDCCH skipping procedure even when SSGs are not configured, as agreed in package 1.
In particular for Case 4 where PDCCH skipping and SSSGs are to be used at the same time, the bit mapping has been left open. Here, it is important to keep the design as flexible as possible. Hence, if PDCCH skipping and SSSG switching is used, the codepoints of the DCI indication shall be flexibly configurable to support a large variety of use cases. Thus, the codepoints of the indications shall be configurable from the set (1A-1/1A-2/1A-3/2/2A/2B) depending on the number of configured SSSGs. This may result to the utilization of three SSSGs and one PDCCH skipping time or 2 SSSGs and two PDCCH skipping times.
[bookmark: _Toc86839920]For Case 4, the codepoints of the indication in DCI shall be RRC-configurable from one the behavior set (1A-1/1A-2/1A-3/2/2A/2B).
However, the SSSG fallback timers should be configurable individually per SSSG which enables the most flexibility. This way the UE configuration can be adapted to specific use case requirements while avoiding unnecessary switching signaling.
[bookmark: _Toc86839921]SSSG Fallback timers shall be configurable per SSSG.
In previous meetings, it has been agreed to support at least DCI formats 1-1, 0-1, 1-2, 0-2. These UE-specific formats enable easily exact addressing of UEs and do not come with the drawback that the message is addressed to a group of UEs. The latter option could cause waste power consumption due to addressing inaccuracies. However, the overhead and standardization impact of such a trigger field has to be considered carefully. 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
Hence, a certain minimum scheduling 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 follows:
· No explicit signaling required to indicate an SS group switch,
· Additional power saving gain thanks to cross-slot scheduling.
[bookmark: _Toc86839922]If cross-slot scheduling is configured, joint indication of SSG switching and minimum offset adaptation shall be supported.
3. 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 requirements 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: _Toc83728728][bookmark: _Toc86839923]The PDSCH processing time shall be adaptable based on certain parameters, e.g., the minimum scheduling offset or the currently active SS group. 
4. Conclusions
The following proposals have been made in this document:
Proposal 1:	For Case 4, the codepoints of the indication in DCI shall be RRC-configurable from one the behavior set (1A-1/1A-2/1A-3/2/2A/2B).
Proposal 2:	SSSG Fallback timers shall be configurable per SSSG.
Proposal 3:	If cross-slot scheduling is configured, joint indication of SSG switching and minimum offset adaptation shall be supported.
Proposal 4:	The PDSCH processing time shall be adaptable based on certain parameters, e.g., the minimum scheduling offset or the currently active SS group.

5. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942][bookmark: _Toc21338854][bookmark: _Toc21338955]References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #106-e
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