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Introduction
In last RAN1 96bis[1], power saving scheme with cross-slot scheduling is discussed. In addition, it is agreed that power saving signal could be used to indicate cross-slot scheduling. Details are FFS. This contribution is discussed that the design details of cross-slot scheduling for UE power saving. 

Power Saving Schemes with cross-slot scheduling
Based on RAN1 96bis agreements, cross-slot scheduling could be indicated via dynamic signaling to adapt the minimum applicable value of K0, K2 and/or aperiodic CSI-RS triggering offset. The candidate signaling type could be MAC-CE based or L1 signaling based. Furthermore, how to indicate the minimum applicable value of K0,K2 and aperiodic CSI-RS triggering could be based on the selected candidates with the following options
· Indication of a subset of TDRA entries, 
· Indication of one active table from multiple configured TDRA tables,
· Indication of the minimum applicable value, 
· Indication of a power-saving state with pre-configured K0,K2, 
· Indication of power-saving state with pre-configured value. 

The details are discussed in this section.

Signaling type for cross-slot scheduling

It is agreed that MAC-CE based signaling or L1-based signaling could be used to indicate cross-slot scheduling for power saving.
MAC-CE signaling
The dynamic signaling by MAC-CE  indication for K0, K2, apeirodic-CSI-RS trigger offset, could consume longer processing time.  t. If PDSH re-transmission is performed, the control signaling by MAC-CE  could further increase the latency . On the other hand, the control signaling by MAC-CE  could not support dynamic switching between same-slot scheduling and cross-slot scheduling. In case of cross-slot scheduling configuration, fast switching among cross-slot scheduling parameters could be supported. Taking the following figure as an example, slot type is configured as ‘F’. When DCI of SFI format is indicated before cross-slot scheduling information transmitted, there may not be enough  gap to perform cross-slot scheduling. So different cross-slot scheduling switching needs to be supported. The latency of control signaling by MAC-CE  could not support fast switching of cross-slot scheduling.


Figure  1 switching between different cross-slot scheduling parameter
L1-based signaling
L1-based signaling could be based on DCI signaling or power saving signal,which could carry cross-slot scheduling information, e.g., K0,K2, aperiodic CSI-RS with . DCI format could define a new bit field to indicated cross-slot scheduling, or re-purpose existing bit field to indicate cross-slot scheduling information.
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Figure  2 cross-slot scheduling information indication
Comparing to MAC-CE signaling, L1-based signaling could perform fast switching between different cross-slot scheduling parameters with smaller latency. 
Proposal1: L1-based signaling could be supported for cross-slot scheduling indication, which could achieve fast switching between different cross-slot scheduling type and parameter.

Indication methods for K0/K2/aperidoic CSI-RS triggering offset

There are three alternatives for K0/K2 indication for an active DL or UL BWP. 
· Alt 1: Indication of a subset of TDRA entries, e.g., bit-map based indication
· Alt 2: Indication of one active table from multiple configured TDRA tables
· Alt 3: Indication of the minimum applicable value
For the cross-slot scheduling power saving scheme, UE is ensured to have K0 and K2 values greater than 0 through semi-statically configured TDRA entries.  The indication of the minimum applicable value would be sufficient in achieving power saving.    TDRA entries subset indication through bit-map or active table indication of multiple configured TDRA tables provide the same meaning but could not have added values with higher complexity  .. Thus,  alternative3 with indication of the minimum applicable value is preferred.
Considering aperiodic CSI-RS triggering offset indication, two alternatives could be discussed. 
· Alt 1: Implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated
· Alt 2: Indication of the minimum applicable value 
 Bundling the aperiodic CSI-RS triggering offset value with the minimum applicable K0 might reduce the signaling requirements.   However, this will limit the flexibility of the aperiodic CSI-RS configuration. The explicit indication of minimum applicable value of the apriodic CSI-RS trigger offset would provide the full flexibility of the CSI-RS configuration.   
Proposal2: Alt3 indication of minimum applicable K0/K2 value for an active DL or UL BWP is sufficient. For aperiodic CSI-RS triggering offset value indication should be explicit indicated with the minimum applicable value.   
Further consideration multiple carriers and BWP, cross-slot indication of different carrier and BWP could use two options for indication:
Option1: using same cross-slot scheduling parameters indication for all of active carriers and BWP.  The cross-slot parameters are same for all active carriers and BWP to allow the UE reception of PDSCH and micro sleep at the same slot for all active carriers/BWP.  This will provide the UE power saving gain.   However, this option would not have the flexibility in gNB scheduling.    .
Option2: using separated cross-slot scheduling parameters indication for each active carrier and BWP.  This option would give the gNB the full flexibility in scheduling the PDSCH transmission at each active carrier and BWP.   However, the UE might need to receive PDSCH at different slot for each active carrier for cross-slot scheduling.   Thus, the UE power consumption would increase.     
Proposal3: for multiple carriers and BWPs cross-slot scheduling, same cross-slot scheduling parameters is configured for all active carriers and BWPs.

Conclusion 

In this contribution, UE adaptation with cross- slot scheduling are discussed and analyzed.  We have the following proposals, 
Proposal1: L1-based signaling could be supported for cross-slot scheduling indication, which could achieve fast switching between different cross-slot scheduling type and parameter.
Proposal2: Alt3 indication of minimum applicable K0/K2 value for an active DL or UL BWP is sufficient. For aperiodic CSI-RS triggering offset value indication should be explicit indicated with the minimum applicable value. 
Proposal3: Proposal3: for multiple carriers and BWP cross-slot scheduling, same cross-slot scheduling parameters is configured for all active carriers and BWP 
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