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1. Introduction
In previous RAN1 meetings, most of power saving PDCCH design work has been done. Still, there are some remaining issues not solved. In this contribution, we will further discuss the remaining issues for power saving PDCCH.
2. [bookmark: _Ref498564494]Power saving signal/channel design
1. [bookmark: _Hlk521582650]
2. 
[bookmark: _Ref32326212]WUS overrapping with monitoring occasions for RAR
In the LS from RAN2[1], RAN2 ask RAN1 to confirm the understanding that if DCP and RAR search spaces are not quasi-collocated, a collision between DCP and RAR addressed to C-RNTI will impact legacy RAR handling, and RAN2 understanding is that RAR addressed all RNTIs should be prioritized over DCP by the UE.
From RAN1 perspective, when UE monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have different QCL-TypeD properties, the PDCCH monitoring CSS is prioritized over that in USS, and then SS set with lower index is prioritized over the higher ones in the same type of SS set. If PDCCH monitoring in RAR search spaces would be prioritized, it can be configured with lower SS set index than the CSS for WUS. Similarly, for RAR PDCCH monitoring occasions in BFR procedure, the recoverySearchspace can be link to a CSS with lower index compared to that for WUS, to make sure PDCCH monitoring in recoverySearchspace prioritized. Furthermore, network have the flexibility to configure PDCCH monitoring occasions for WUS and RAR in TDM manner. In this case, PDCCH monitoring for RAR dropping due to different QCL properties can be avoided by proper network implementation.
[bookmark: PP1]Proposal 1: PDCCH monitoring for RAR dropping due to different QCL properties can be avoided by proper network implementation. No additional UE behaviors need to be specified.
· Send LS to RAN2 to inform above decisions.
(Non-)dormancy indication impacted by WUS indication
In RAN1 #98b, the following agreements are made on DCI content of power saving PDCCH.
	Agreements:
[bookmark: _Hlk22055053]For a UE, the following information can be configured to be included in the new DCI for the WUS PDCCH scrambled by PS-RNTI 
· Indication to wake up or not to wake up 
· L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells, as agreed in MR CA/DC
· FFS: Triggering -CSI-report
· FFS: whether or not the bitwidths of some or all of the above information fields can be zero
Agreements:
The new DCI of PDCCH-based power saving signal/channel outside Active Time is designed with UE-specific configured power saving information for one or more UEs.
· The new DCI format supports multiplexing of one or more UEs
· FFS: Whether the starting position and the location of the indication in the new DCI format for a specific UE is based on higher layer configuration
· FFS: Details of the DCI format design for a specific UE
· Whether new DCI format is similar to that of DCI format 2_x


In previous meetings, wake up indication and Scell group dormancy/non-dormancy transition has been agreed to be included in power saving DCI. UE can be indicated to wake up only on Pcell and to switch Scell to non-dormancy if the traffic load is heavy. When the traffic is limited in upcoming DRX, UE can be indicated to wake up while still keep the scell group in dormancy state. However, it is weird if the UE is indicated not to wake up and Scell groups are switched to non-Dormancy state, since UE will not perform PDCCH monitoring and CSI reporting since UE cannot enter DRX active time. Therefore, this combination can be considered as error case.
[bookmark: PP9][bookmark: PP2]Proposal 2: UE is not expected to be indicated by PDCCH WUS not to wake up while SCell group is indicated to non-dormancy state. Capture TP in Appendix 1 in R1-2003403 for TS38.213.
[bookmark: PP11][bookmark: OB4]BWP switching on Scell triggerred by DCI format 2-6
Based on agreements in previous meetings, following characteristics are summarized,
· UE can monitor DCI format 2-6 in multiple monitoring occasions.
· The PDCCH monitoring occasions for DCI format 2-6 can be configured in time duration up to 15ms
· DCI format 2-6 can trigger Scell dormancy/non-dormancy, i.e., switching between one BWP to another.
In Rel-15, DCI based BWP switching has been supported, and in the slot where the DCI is detected, UE will switch to the target BWP and start bwpInactivityTimer. However, since UE can monitor DCI format 2-6 in multiple monitoring occasions, gNB may not be aware of in which slots WUS is detected by UE. In this case, gNB and UE may have different understanding on running state of bwpInactivityTimer. 
Meantime, once the timing gap between monitoring occasions and starting of DRX ON is larger than SCell dormancy/non-dormancy switching time, UE is in no sense of urgency on switching BWP immediately after SCell dormancy/non-dormancy indication. Keep non-dormancy as late as possible and applied it after starting of DRX on (Figure 1b) is better from UE power saving perspective.
To address the aforementioned, it is proposed that the starting point of BWP switching of Scell dormancy should be defined. The following alternatives can be considered.
· Alt 1: the starting of BWP switching of Scell dormancy is after the last valid monitoring occasion for DCI format 2-6. (Figure 1a)
· Alt 2: the starting of BWP switching time of Scell dormancy is n slot prior to DRX ON, where n is the Scell dormancy/non-dormancy switching time. (Figure 1b)


Figure 1: BWP switching time when multiple WUS monitoring occasions configured
As illustrated in Figure 1a, network and gNB can have aligned understanding on BWP switching time if BWP switching after last valid monitoring occasion for DCI format 2-6. However, the time duration for WUS monitoring occasions may be up to 15ms, and the last WUS occasion may be much earlier than DRX ON and far enough to contain the bwp switching delay and min gap. It is not necessary to switch BWP too early during DRX OFF period. Therefore, the BWP switching time can be determined by the later on between last valid WUS monitoring occasion and bwp switching delay prior to DRX ON, as illustrated in Figure 1b.
Meanwhile, a later time of alt 1 and alt 2 is also a good choice from UE power saving perspective, which allows UE start BWP switching as late as possible.
[bookmark: PP3]Proposal 3: The starting point of BWP switching of Scell dormancy should be defined from the following alternatives,
· Alt 1: the starting of BWP switching of Scell dormancy is after the last valid monitoring occasion for DCI format 2-6
· Alt 2: the starting of BWP switching time of Scell dormancy is n slot prior to DRX ON, where n is the Scell dormancy/non-dormancy switching time.
DCI size budget
In Rel-15, UE is only required to monitor PDCCH with no more 4 different DCI sizes, and up to 3 DCI sizes with C-RNTI. With the introducing of power saving PDCCH, the DCI size alignment should be further considered in the DCI format design.
For wake up PDCCH, it is monitored before the DRX on duration, which means it will not be monitored at the same time instance as other PDCCH with UE specific RNTI during DRX active time, only one DCI size is monitored if the SI, paging PDCCH is not considered. In this case, it is not necessary to align the DCI size of WUS with other DCIs. On the other hand, the detection performance for power saving PDCCH is expected to be more reliable compared with other PDCCH, a shorter DCI size, which can be configured by RRC, would be preferred to achieve a low code rate to ensure high detection reliability for WUS. 
[bookmark: PP4]Proposal 4: The size of DCI format 2-6 is not restricted by the existing DCI size budget (3+1) in Rel-15 which is used in Active Time. Capture TP in Appendix 2 in R1-2003043 for TS38.212.

3. Conclusion
In this contribution, we discuss the remaining issues for power saving PDCCH design, and have the following proposals:
Proposal 1: PDCCH monitoring for RAR dropping due to different QCL properties can be avoided by proper network implementation. No additional UE behavior need to be specified.
· Send LS to RAN2 to inform above decisions.
Proposal 2: UE is not expected to be indicated by PDCCH WUS not to wake up while SCell group is indicated to non-dormancy state. Capture TP in Appendix 1 in R1-2003403 for TS38.213.
Proposal 3: The starting point of BWP switching of Scell dormancy should be defined from the following alternatives,
· Alt 1: the starting of BWP switching of Scell dormancy is after the last valid monitoring occasion for DCI format 2-6
· Alt 2: the starting of BWP switching time of Scell dormancy is n slot prior to DRX ON, where n is the Scell dormancy/non-dormancy switching time.
Proposal 4: The size of DCI format 2-6 is not restricted by the existing DCI size budget (3+1) in Rel-15 which is used in Active Time. Capture TP in Appendix 2 in R1-2003043 for TS38.212.
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Appendix 1: Text Proposals for TS 38.213 on WUS and Scell (Non)dormancy state indication
Based on the discussion for WUS and Scell dormacy state indication in section 2.1, the corresponding text proposals are provided as follows.
10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
==============================Unchanged part omitted================================
If an active DL BWP provided by dormant-BWP for a UE on an activated SCell is not a default DL BWP for the UE on the activated SCell, as described in Clause 12, the BWP inactivity timer is not used for transitioning from the active DL BWP provided by dormant-BWP to the default DL BWP on the activated SCell.
UE does not expect to detect DCI format 2_6 with a value of the 'PDCCH monitoring' bit '0', and any bit in the bitmap with value ‘1’ indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-outside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells.
Appendix 2: Text Proposals for TS 38.212 DCI size budget
Based on the discussion for DCI size budget in section 2.1.3, the corresponding text proposals are provided as follows.
==============================Unchanged part omitted================================
The UE is not expected to handle a configuration that, after applying the above steps, results in
-	the total number of different DCI sizes configured to monitor is more than 4 for the cell; or
-	the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or
-	the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_1 in another UE-specific search space; or
-	the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_1 in another UE-specific search space; or
-	[the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_2 in another UE-specific search space; or]
-	[the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific search space.]
The size of DCI format 2_6 is not counted in total number of different DCI sizes.
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