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1. Introduction
According to the agreed WID [1], the objective of the UE power saving includes the following; 
	1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 
a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.


In this contribution, we discuss considerations on cross-slot scheduling for power saving. 
2. Discussion 
For a cross-slot scheduling, the UE can achieve power saving gain by switching to micro sleep after PDCCH reception on duration guaranteed by minimum K0 and K2. The general procedure of cross-slot scheduling for the study of the power saving scheme is described in TR38.840 as follows;
	· gNB semi-statically configures TDRA to the UE, subject to UE capability (if any) 
· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0
· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.
· All aperiodic CSI-RS triggering offsets are not smaller than the value x
· UE decodes PDCCH and retrieves the index of schedulable TDRA value
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA value


In following sections, details on cross-slot scheduling procedure such as determination of minimum K0, exceptional cases, and additional power saving gain by search space set configuration adaptation are discussed.

2.1. Indication of minimum K0 for power saving
In Rel-15, TDRA tables for scheduling PDSCH can be changed by RRC signalling with relatively long latency. However, because the RRC signalling requires long latency for changing TDRA table, it cannot reflect dynamic changes of different data arrival, different service types, and dynamic channel environments. So, it is proposed to introduce dynamic indication of minimum K0 (and K2) for flexible power-efficient cross-slot scheduling. 
Proposal 1: Support dynamic indication of minimum K0 for cross-slot scheduling for power saving.

For the dynamic indication of minimum K0, two options can be considered as follows;
Option 1: Multiple TDRA table and dynamic indication of table index
A gNB can configure two (or more) TDRA tables for cross-slot scheduling by RRC signalling, for example, default TDRA table and power-efficient TDRA table. The minimum K0 can be determined implicitly as a minimum K0 value in each table. If the power saving is necessary, a gNB indicates a TDRA table which has minimum K0>0 by L1 or MAC CE signalling, and a UE can save power by switching to micro sleep after PDCCH reception on duration guaranteed by the minimum K0. This option requires RRC signalling overhead to indicate multiple TDRA tables, but more flexible time domain resource allocation is possible compared to option 2. 
Option 2: Explicit signalling of minimum K0
This option uses only one TDRA table, and the number of available contents is limited by additionally indicated minimum K0. A gNB performs same signalling for indicating TDRA table, and minimum K0 can be signalled by L1 or MAC CE if it is necessary. If minimum K0 is signalled, a UE knows which rows are available in existing TDRA table, and the UE can acquire power saving gain by switching micro sleep on guaranteed region. This option can save RRC overhead compared to option 1, while scheduling flexibility can be restricted by reducing the number of available rows in the TDRA table. 
In our view, option 2 is slightly preferred because of lower signalling overhead. In addition, it is natural that the minimum K0 is determined BWP-specifically. 
Proposal 2: Minimum K0 for power saving is explicitly signalled by L1 or MAC CE, and available rows in a TDRA table can be determined by the minimum K0.

2.2. Restriction to aperiodic CSI-RS allocation
[bookmark: _GoBack]Similar to PDSCH buffering, regarding aperiodic CSI-RS triggering offset, in order to keep power saving gain of cross-slot scheduling, the minimum triggering offset of aperiodic CSI-RS should be associated with the minimum K0 for scheduling PDSCH. It means that if minimum K0 is configured for power saving, a UE can assume that the aperiodic CSI-RS is also not allocated on the duration which is guaranteed region by the minimum K0.
Proposal 3: UE can assume that aperiodic CSI-RS triggering offset should not indicate CSI-RS resource within a minimum K0 slot offset configured for power saving.

2.3. Exceptional cases of PDSCH buffering skip
As mentioned above, the power saving gain from cross-slot scheduling comes from skipping data buffering (i.e., micro sleep) on duration guaranteed by minimum K0. Meanwhile, for some cases, skipping data buffering may be inefficient or cannot be used. To be specific, in case of broadcast message such as SI, RAR, paging DCI (including SI change notification), same-slot scheduling with data buffering can be used, and DCI addressed to C-RNTI in CSS in CORESET 0 can use default time-domain resource assignment which does not support cross-slot scheduling. If the restriction on data buffering is introduced, it would be necessary to introduce those exceptional cases. For example, even though the restriction on data buffering at UE side is enabled, UE will expect PDSCH reception which requires data buffering in a slot where the UE monitors PDCCH candidates on search space set with default TDRA table. 
In addition, if a minimum K0 value of RRC-configured TDRA table for CSS is smaller than minimum K0 signalled by L1 or MAC CE, it is desirable to apply minimum K0 (even it is zero) of RRC-configured TDRA table because CSS can be shared by not only power saving mode UE but also normal power mode UE.
Proposal 4: UE buffering relaxation based on minimum K0 for power saving should not be applicable for the following exceptional cases
· Search space sets using default TDRA table 
· Common search spaces which have smaller minimum K0 on RRC signalled TDRA table than minimum K0 signalled for power saving

2.4. Additional power saving for cross-slot scheduling
The power saving gain from cross-slot scheduling comes from dynamic transition to micro sleep when minimum K0 which is larger than 0 is indicated by a gNB. So, for achieving power saving gain, it should be guaranteed that monitoring periodicity of SS sets is larger than minimum K0. For example, if a monitoring periodicity of a search space set is 1 slot, and if minimum K0 indicated for power saving is 1, power saving gain cannot be expected because PDSCH buffering for precious slot is necessary in a current slot. In order to maximize power saving gain, search space set configuration can be adapted when minimum K0 for power saving is indicated. For example, if monitoring periodicities of configured search space sets are smaller than the minimum K0, a UE can assume the monitoring periodicity is increased to same (or larger) value with the minimum K0. 
Proposal 5: In order to increase power saving gain of cross-slot scheduling, corresponding UE behavior on the search space set monitoring can also be adapted (e.g., monitoring occasion skipping or increasing monitoring periodicity) depending on the minimum K0.

3. Conclusion
In this contribution, we discuss cross-slot scheduling for power saving. Followings are proposed in this contribution;
Proposal 1: Support dynamic indication of minimum K0 for cross-slot scheduling for power saving.
Proposal 2: Minimum K0 for power saving is explicitly signalled by L1 or MAC CE, and available rows in a TDRA table can be determined by the minimum K0.
Proposal 3: UE can assume that aperiodic CSI-RS triggering offset should not indicate CSI-RS resource within a minimum K0 slot offset configured for power saving.
Proposal 4: UE buffering relaxation based on minimum K0 for power saving should not be applicable for the following exceptional cases
· Search space sets using default TDRA table 
· Common search spaces which have smaller minimum K0 on RRC signalled TDRA table than minimum K0 signalled for power saving
Proposal 5: In order to increase power saving gain of cross-slot scheduling, corresponding UE behavior on the search space set monitoring can also be adapted (e.g., monitoring occasion skipping or increasing monitoring periodicity) depending on the minimum K0.
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