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1. Introduction
Regarding the PDCCH-based power saving signal/channel, the agreements made in the previous RAN1 meeting (RAN1#967) are as follows; 
	Agreements:
The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON
· “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space
· FFS: The value and the range of offset 
Agreements:
For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format, with the power saving information for the UE in the DCI configurable by RRC
· FFS whether the DCI is in UESS or CSS or both
· FFS detailed configuration of the power saving information
· FFS the new DCI format
· Note: the same DCI may carry power saving information for one or more UEs
Agreements:
The indication of at least one power saving technique(s) is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), if any, and/or repurposing the existing field(s), if identified, when UE is in the Active Time.     
· It applies to UE-specific search space.  
· It is FFS for the common search space.
· The at least one power saving technique(s) includes at least “Cross-slot scheduling”
· FFS: Which existing DCI formats includes the power saving information
· Whether power saving information is not included in the fallback DCI(s) (e.g., DCI format 0_0, DCI format 1_0)
· Use of non-scheduling DCI formats.
· It is FFS which field(s) is used to be repurposed for the indication of the power saving technique if the repurpose of existing field(s) is used.
· FFS: New DCI format with size aligned with existing DCI format
Agreements:
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel
Agreements:
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time
Agreements:
· The CORESET for the PDCCH-based power saving signal/channel outside Active Time can be configured to index to at least one of the CORESET(S) configured for other PDCCH monitoring 
· FFS whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel (i.e., not be used for other PDCCH monitoring) 
· FFS whether or not to increase the number of CORESETs relative to that in Rel-15
· FFS whether or not a BWP is dedicated for PDCCH-based power saving signal/channel
Agreements:
One or more PDCCH monitoring occasion of PDCCH-based power saving signal/channel is supported outside Active Time
· FFS: Whether the monitoring occasions of the PDCCH-based power saving signal/channel in the same slot or not for multiple monitoring occasions
· FFS: whether the monitoring occasions are via search space set(s), CORESET(s), a combination thereof, etc.
Agreements:
· For outside Active Time, up to [3] CORESETs per BWP is supported for the power saving signal/channel outside Active Time with each CORESET associated with its TCI state and QCL assumption
· FFS details
· FFS whether any other additional handling is necessary for FR2 w.r.t. TCI state, and if so, how
Agreements:
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 
· FFS a single vs. multiple durations, particularly checking consistency with RAN2 agreements
Further study in the new DCI how to potentially indicate at least the following techniques (subject to further WID update):
· Indicating UE to use the aperiodic RS
Aperiodic CSI-RS 
Aperiodic SRS
TRS
· Triggering aperiodic CSI report
· Cross-slot scheduling
· Rel-15 DCI-based BWP switching
The power saving techniques can be explicitly included in the DCI contents or implicitly indicated by other techniques (e.g., BWP switching).


In this contribution, we discuss remaining issues on PDCCH-based power saving signal/channel. It is noted that PDCCH-based power saving signal/channel is called by “PS-PDCCH” in this contribution. 
2. Discussion 
2.1. BWP for PS-PDCCH monitoring outside Active Time
In order to determine BWP for PS-PDCCH monitoring outside Active Time, following options can be considered;
Option 1) a BWP configured by network 
From the perspective of signaling overhead, this option is beneficial as a network doesn’t need to indicate CORESET/SS set for each configured BWP. In addition, this option may facilitate UE grouping for group-based PS-PDCCH transmission, because UEs included in a same UE group can be configured to monitor PS-PDCCH on same BWP by network. On the other hand, for this option, special handling on BWP switching operation and/or BWP fallback operation is necessary. For example, if a UE’s active BWP is different from the BWP configured with PS-PDCCH, the UE should perform BWP switching frequently, which is not desirable. For another example, if default BWP is configured with PS-PDCCH and the UE’s current active BWP is different from the default BWP, the UE’s behavior on PS-PDCCH monitoring related to BWP fallback operation based on bwp-InactivityTimer may need to be defined additionally.
Option 2) an active BWP at PS-PDCCH monitoring occasion
This option uses Rel-15 BWP operation, and it means additional BWP switching by PS-PDCCH monitoring is not required. For example, if bwp-InactivityTimer is not expired at PS-PDCCH monitoring occasion outside Active Time, a UE monitors PS-PDCCH on latest active BWP. And a default BWP is used for PS-PDCCH monitoring, if the timer is expired. On the other hand, for this option, CORESET/SS set configuration per BWP is needed. 
In our view, option 2 is natural way with less spec impact. (The CORESET per BWP is already agreed in previous meeting.)
Proposal 1: A UE monitors PS-PDCCH outside Active Time on an active BWP at monitoring occasions of the PS-PDCCH.

2.2. The number of CORESETs for PS-PDCCH monitoring outside Active Time
According to previous agreement, for outside Active Time, up to [3] CORESETs per BWP is supported for the power saving signal/channel outside Active Time with its TCI state and QCL assumption. 
Regarding the number of monitored CORESETs, it should be clarified whether multiple CORESETs are needed for PS-PDCCH monitoring outside Active Time. One of the main reasons might be to provide multiple TCI states for PS-PDCCH monitoring. In our view, TCI state for PS-PDCCH outside Active Time could follow one of the CORESETs configured for Active Time, for example, a CORESET associated with CSS. 
There are two options to configure CORESET for PS-PDCCH monitoring outside Active Time;
Option 1) Network configures a special CORESET dedicated for outside Active Time
The option 1 can be useful to achieve additional power saving gain, for example, by CORESET with small bandwidth. In this case, it is beneficial that a TCI state of the CORESET follows one of the CORESETs configured for Active Time. If the TCI state has independent configuration with that of CORESETs in Active Time, the TCI state should be reconfigured depending on beam management during Active Time. So, even if a special CORESET for outside Active Time is introduced, it is desirable that a TCI state of the CORESET follows one of the CORESETs configured in Active Time. 
Option 2) Network configures one of the CORESETs in Active Time for outside Active Time
For option 2, network can inform to UE which CORESET among the CORESETs configured for Active Time is used for outside Active Time. 
Proposal 2: At least for Rel-16, only one CORESET can be configured for PS-PDCCH monitoring outside Active Time.
Proposal 3: TCI state of the CORESET for PS-PDCCH outside Active Time follows one of the CORESETs configured for Active Time.

2.3. UE-/Group-specific PS-PDCCH for outside Active Time 
According to previous agreement, PS-PDCCH outside Active Time may carry power saving information for one or more UEs. And UE-specific PS-PDCCH and group-specific PS-PDCCH were discussed during previous meeting. The group-specific PS-PDCCH is beneficial in terms of signaling overhead from network side. Meanwhile, UE grouping operation itself may be an overhead to network. For example, operations such as BWP switching and/or DRX configuration should be commonly applied to UEs included in a same group. In order to solve this problem, we propose UE grouping for PS-PDCCH for outside Active Time is defined in a UE-transparent way. For example, a network can indicate to each UE PS-PDCCH configuration for outside Active Time with field information. The filed information may include starting position of UE-specific information within a DCI information bits, power saving scheme(s) to be indicated to the UE, information bit size for the UE, etc. A UE receiving the information can decode PS-PDCCH, and extract power saving information to the UE using field information configured UE-specifically. A selection between actual UE-specific operation and UE-group operation is up to a network’s decision. 
In addition, in order to improve decoding performance, a network can indicate known-bit information to each UE. If the number of bits for a UE-group or a UE is smaller than PS-PDCCH DCI size, remaining bits can be set to known bit (e.g., “0” or “1”). The information can be helpful to decode the DCI for target UE(s).
Proposal 4: Whether a PS-PDCCH outside Active Time is UE-specific or UE group-specific is defined in a UE-transparent way.
Proposal 5: A network indicates bit field information of PS-PDCCH outside Active Time to each UE. The field information at least includes location of UE-specific information within a DCI.

2.4. Fallback operation for exceptional cases
In Rel-15, some exceptional cases which cannot monitor PDCCH are defined, for example, collision with SSB, rate matching resource (e.g., LTE CRS), and resources configured to UL by DCI format 2_0. If the resources configured for PS-PDCCH monitoring outside Active Time overlap with the exceptional cases, a UE cannot monitor the PS-PDCCH. For these cases, a fallback operation needs to be defined, and possible fallback operations are as follows;
Option 1) Skip PS-PDCCH monitoring and skip PDCCH monitoring on corresponding on-duration(s)
When the resource configured to monitor PS-PDCCH outside Active Time is not available, a UE skips not only the PS-PDCCH monitoring but also PDCCH monitoring configured on corresponding on-duration(s). This option can increase power saving gain, while latency may also be increased.
Option 2) Skip PS-PDCCH monitoring and perform PDCCH monitoring on corresponding on-duration(s)
In option 2, a UE monitors PDCCH configured in Active Time, if the resource for PS-PDCCH monitoring is not available. 
Option 3) Perform PS-PDCCH monitoring on another monitoring resource for PS-PDCCH 
For this option, a network should configure multiple monitoring resources for PS-PDCCH monitoring. The multiple monitoring resources can be indicated by various methods, such as using multiple CORESETs/SS sets, “duration” of SS set configuration, multiple SS set configuration, etc. This option may require more power consumption compared to other options. 
In our view, each option has pros and cons depending on UE’s traffic pattern, battery status, network’s load status, etc. Therefore, further discussion is necessary to decide which specific option should be applied to which specific case. One possibility is to make the UE’s fallback operation configurable.
Proposal 6: A fallback operation for the case where PS-PDCCH monitoring resource is not available should be defined for PS-PDCCH monitoring outside Active Time.


3. Conclusion
In this contribution, we discuss PDCCH-based power saving signal/channel, and our proposals are as follows;
Proposal 1: A UE monitors PS-PDCCH outside Active Time on an active BWP at monitoring occasions of the PS-PDCCH.
Proposal 2: At least for Rel-16, only one CORESET can be configured for PS-PDCCH monitoring outside Active Time.
Proposal 3: TCI state of the CORESET for PS-PDCCH outside Active Time follows one of the CORESETs configured for Active Time.
Proposal 4: Whether a PS-PDCCH outside Active Time is UE-specific or UE group-specific is defined in a UE-transparent way.
Proposal 5: A network indicates bit field information of PS-PDCCH outside Active Time to each UE. The field information at least includes location of UE-specific information within a DCI.
Proposal 6: A fallback operation for the case where PS-PDCCH monitoring resource is not available should be defined for PS-PDCCH monitoring outside Active Time.

