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1 Introduction
In this contribution, we further discuss various aspects on the PDCCH based power saving signal/channel design and power saving techniques. 
2 PDCCH-based power saving signal design 

2.1 UE-specific Power saving signal vs Group-common power saving signal

Outside the active time
The following agreements have been reached during RAN1#97 meeting for power saving signal/channel outside active time.

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:

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
Based on the above agreements, it can be seen that for outside active time, power saving signal to carry at least one UE’s power saving information is supported. Actually, group-common DCI can indicate one UE or multiple UEs. However, the power saving PDCCH can be configured to carry only one UE’s power saving information. Therefore, it seems there is no need to design  dedicated UE-specific power saving PDCCH in addition.

Observation 1: Group-common DCI can indicate one UE or multiple UEs. However, the power saving PDCCH can be configured to carry only one UE’s power saving information. There is no need to design dedicated UE-specific power saving PDCCH.

Within the active time 
During the active time, e.g., when the On-duration timer or DRX inactivity timer is running, the power saving signal is used to indicate techniques such as cross-slot scheduling adaptation and PDCCH skipping. In this case, the power saving information could be carried in the scheduling DCI to avoid extra signalling overhead. 

Proposal 1: During the active time, the power saving information could be carried in the scheduling DCI.

2.2 DCI formats

Outside the active time

For the DCI formats for power saving PDCCH outside the active time, we have the following agreements:
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

It has been agreed that a new DCI format would be introduced for outside active time. Since the DCI format could carry power saving information for one or more UEs, it would be a group-common DCI. Therefore, the DCI can be monitored in the CSS by the UE.

Proposal 2: Outside the active time, the power saving DCI is monitored in CSS.

When the new DCI carries power saving information for more than one UE, one straightforward way to indicate the power saving information configuration is to reuse the method for DCI format 2-2, i.e., the TPC DCI. The UE can be configured the power saving information index and/or the power saving information bit-length. With this method, the bit-length of the power saving information for different UEs has to be the same.
However, different UEs may work with different power saving techniques. For example, some UEs may be configured to use wake-up mechanism, MIMO-layer adaptation while some other UEs are only configured with wake-up mechanism. Therefore the bit-length of the power saving information for different UEs may be different. In such case, the starting bit position within the DCI and the bit-length  shall be informed to each UE. The most efficient signalling method would be using the SLIV to indicate the starting and the length of the power saving information bits similar as PUSCH resource allocation type 1 or BWP configuration. 

In addition, since the DCI size is variable to carry different number of UEs’ power saving information. The DCI size shall be informed to the UE.

Proposal 3: For power saving PDCCH outside the active time, a SLIV is used to indicate the starting and the length of the power saving information bits within the DCI.
For the power saving PDCCH outside the active time, we have agreed to support wake-up functionality. In addition, other functionalities such as MIMO layer adaptation/BWP adaptation could also be supported by the power saving PDCCH. Using power saving PDCCH to indicate MIMO layer adaptation/BWP adaptation can achieve timely power saving once the UE enter the active time and the UE can complete the adaptation procedure during the time GAP between the power saving PDCCH and the beginning of the DRX on duration.
Proposal 4: Outside the active time, power saving PDCCH can be used to indicate MIMO layer adaptation/BWP adaptation.

Within the active time 
For power saving techniques such as PDCCH skipping, cross-slot scheduling etc., it would be natural to send the power saving PDCCH within the DRX active time (if DRX is configured). For example as discussed above, a PDCCH skipping indicator field can be added into the scheduling DCI. A set of PDCCH skipping duration length can be indicated depending on the bit width of PDCCH skipping indicator field, e.g., 4 lengths can be supported with 2 bits indicator. 

For cross-slot scheduling, we have the following agreements on how to adapt the minimum k0/k2:

Agreements:

For an active DL and an active UL BWP, a UE can be indicated via L1-based signalling(s) from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured).
L1 based scheme is adopted based on the above agreement. Similar as PDCCH skipping, a cross-slot adaptation field can be added into the scheduling DCI. With this bit filed in the DCI, the gNB can flexibly enable or disable cross-slot scheduling dynamically depending on the power saving or service latency requirements.  
Proposal 5: Enhancement of existing scheduling DCI formats with additional field(s) is supported for UE within the active time.
In addition, during the study item phase, the following has been agreed for the power saving techniques of BWP adaptation:

· BWP -  UE adaptation to different BWP

· RS to assist UE channel tracking and measurements to assist BWP switching  

· The assistance may also include CSI measurements (UE supports and processes one BWP at a time)

· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching

· Association of BWP and DRX

· UE assistance information could be considered
Currently in Rel-15, A-CSI measurement and report can be triggered with DCI format 0-1.A UE can only measure aperiodic CSI-RS within its DL active BWP and is not expected to measure CSI-RS outside its DL active BWP. On the other hand, during BWP switching, timely A-CSI measurement in the target BWP would improve the PDSCH transmission efficiency thus save UE’s power.  As shown in the following Figure 2, a power saving signal/channel send in the current DL BWP1 could be used to trigger CSI measurement in the target BWP 2.  The existing DCI format 0-1 can serve as the power saving signal/channel. The procedure to trigger CSI-measurement in the target BWP with DCI format 0-1 can be as following:

· DCI format 0-1 indicates the UE to measure aperiodic  CSI-RS in a target BWP that is not the current active BWP 
· The UE switch its DL BWP to the target BWP 

· The UE measure the aperiodic  CSI-RS  and report the CSI measurement 

It can be seen that with the above procedure, the current DCI format 0-1 is reused, the only change is a new UE behaviour is defined when DCI format 0-1 indicates the UE to measure aperiodic CSI-RS outside its active BWP. 
Proposal 6: Reinterpret the existing DCI format can be supported to trigger BWP switching and CSI-RS measurement in the target BWP.  
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Figure 2: BWP switching together with CSI measurement
2.3 CORESET and search space 

For power saving PDCCH, the PDCCH CORESET and PDCCH search space has been discussed in RAN1#97 meeting and the followings have been agreed.
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
It has been agreed to 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. It was also agreed that a new DCI format would be used for power saving PDCCH outside the active time. One remaining issue is whether the UE needs to monitor the search space set(s) within the active time. Generally, the UE’s PDCCH monitoring behaviour is controlled by the MAC timers such as the DRX on-duration timer, DRX inactivity timer etc. Therefore, there is no need to use the power saving PDCCH to further control the UE’s PDCCH monitoring. Furthermore, if the UE monitor the search space set(s) within the active time, the DCI size budget issue would arise since a new DCI format would be used for the power saving PDCCH. It would complicate the UE’s behaviour to solve the DCI size budget issue. 

Proposal 7: Within the active time, UE does not need to monitor the search space set(s) configured for power saving PDCCH outside the active time.
In Rel-15, at most 4 BWPs can be configured for a cell and at most 3 PDCCH CORESETs and at most 10 PDCCH search spaces could be configured for in each BWP. As discussed above, the power saving information indicated within the active time would be carried in the scheduling DCI. Therefore it is straightforward to reuse PDCCH CORESET and/or PDCCH search space configured for a BWP for power saving PDCCH within the DRX active time.

Proposal 8: Reuse PDCCH CORESET and/or PDCCH search space configured for a BWP for power saving PDCCH within the DRX active time.

For power saving PDCCH outside the active time, one solution is to configure a separate PDCCH CORSET and/or PDCCH search space. However, it would be beneficial to apply part or all of the parameters of the PDCCH CORESET(s) configured for a BWP. 
For example, multiple beam transmission shall be supported for robust power saving PDCCH transmission performance. There shall be multiple occasions of power saving PDCCH monitoring in order to support multi-beam transmission. For the TCI states of power saving PDCCH CORESETs, one straightforward way is to re-use the TCI states of PDCCH CORESET associated with the configured PDCCH search space for a BWP which are configured based on output of the beam management procedure. For example, two PDCCH search spaces have been configured to the UE in a BWP. PDCCH CORESET 1 with TCI state 1 is associated with PDCCH search space 1 and PDCCH CORESET 2 with TCI state 2 is associated with PDCCH search space 2. Then there are two PDCCH monitoring occasions for power saving PDCCH before the DRX ON-duration and the 1st one is configured with a CORESET with TCI state 1 and the 2nd one is configured with a CORESET with TCI state 2. 
As another example, it is also feasible to re-use the PDCCH CORESET(s) configured for a BWP, as shown in Figure 3. By such operation, the signalling overhead to configure power saving PDCCH is minimized. In FR1, one PDCCH CORESET among the multiple PDCCH CORESET(s) for a BWP can be selected for power saving PDCCH. In FR2, in order to support multi-beam transmission, all the PDCCH CORESET(s) configured for a BWP can be used.
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Figure 3 Reuse PDCCH CORESETs configured for a BWP for power saving PDCCH

Proposal 9: The configuration reuse part or all of the parameters of PDCCH CORESET(s) configured for a BWP for power saving PDCCH outside the DRX active time.

When a UE’s BWP is switched based DCI or a timer, where to monitor the power saving PDCCH needs to be considered.  One method would be that power saving PDCCH is always monitored in the currently active BWP. It means that when switching DL BWP, then the power saving PDCCH shall be monitored in the new BWP. Figure 5 illustrated the procedure.
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Figure 5 Power saving PDCCH monitoring after BWP switch

Proposal 10: Power saving PDCCH is always monitored in the currently active BWP
3 Conclusion

In this contribution, we discussed on the design aspects of the PDCCH-based power saving signal/channel. Based on the discussion, we have the following observations and proposals:
Observation 1: Group-common DCI can indicate one UE or multiple UEs. However, the power saving PDCCH can be configured to carry only one UE’s power saving information. There is no need to design dedicated UE-specific power saving PDCCH.

Proposal 1: During the active time, the power saving information could be carried in the scheduling DCI.

Proposal 2: Outside the active time, the power saving DCI is monitored in CSS.

Proposal 3: For power saving PDCCH outside the active time, a SLIV is used to indicate the starting and the length of the power saving information bits within the DCI.

Proposal 4: Outside the active time, power saving PDCCH can be used to indicate MIMO layer adaptation/BWP adaptation.

Proposal 5: Enhancement of existing scheduling DCI formats with additional field(s) is supported for UE within the active time.
Proposal 6: Reinterpret the existing DCI format can be supported to trigger BWP switching and CSI-RS measurement in the target BWP.  

Proposal 7: Within the active time, UE does not need to monitor the search space set(s) configured for power saving PDCCH outside the active time.
Proposal 8: Reuse PDCCH CORESET and/or PDCCH search space configured for a BWP for power saving PDCCH within the DRX active time.

Proposal 9: The configuration reuse part or all of the parameters of PDCCH CORESET(s) configured for a BWP for power saving PDCCH outside the DRX active time.

Proposal 10: Power saving PDCCH is always monitored in the current active BWP
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