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Introduction
In RAN1 #97, the following agreements were reached [1].
Agreement:

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).

Agreements:

To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.

FFS: Direct assignment of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s), and/or implicit indication.

FFS: How the indicated minimum applicable value is applied to the selection of a DL (UL) TDRA entry. Example directions include at least the following:

Excluding the invalid TDRA entries

Re-interpret the selected K0 (K2) value
Agreements:

At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to PUSCH scheduled by MAC RAR for at least contention-based RACH procedure.

FFS: Exclude contention-free RACH 

FFS: Exclude PUSCH scheduled with TC-RNTI

Agreements:

When UE is indicated of the minimum applicable value of K0 (K2) for an active DL (UL) BWP, the application method to the selection of a DL (UL) TDRA entry is to be decided from:

An entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s) 
Agreements:

At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to:

PUSCH scheduled by RAR UL grants for contention-free RACH procedure

PUSCH scheduled with TC-RNTI

In this contribution, the procedure of cross-slot scheduling power saving techniques is considered. 

Minimum value
Outside Active Time
In RAN1 #96 bis and #97, it was agreed that power saving signal/channel can be configured outside Active Time and within Active Time. And cross-slot scheduling technique indication is at least in power saving signal within Active Time. Considering that UE can save more power if it can be indicated with cross-slot scheduling before DRX on and to be cross-slot scheduled from the beginning of DRX On. On the other hand, as the minimum K0/K2 value indicated in the previous DRX cycle would continue being effective, update a more suitable minimum value outside Active Time will help data transmission to be finished in a short time in the beginning of DRX On if a large data need be scheduled. It is suggested that cross-slot scheduling can be indicated outside Active Time. 

Proposal 1: Cross-slot scheduling can be indicated in power saving signal/channel outside Active Time.

Indication method
For cross-slot scheduling technique, it involves multiple parameters (e.g., K0 and K2). The following alternatives can be used to indicate the minimum values. 

Alt 1: direct assignment of the minimum application value
Alt 2: indication of one value from one or multiple preconfigured or predetermined value(s)

Alt 3: implicit indication
The minimum value of these parameters can be very flexibly with Alt 1. However, the maximum value of K0 or K2 could be 32, which occupies 5 bits. It is a high overhead considering the indication is by DCI. What’s more, a separate indication of K0 and K2 would further increase resource overhead. The implicit indication of cross-slot scheduling with some techniques, e.g. BWP switching, DRX configuration, traffic arrival etc, has lower resource overhead. It also restrict the application scenarios of dynamic cross-slot scheduling adaption. For example, the range of the minimum values is limited without additional indications. And it should be careful about the scheduling with such a bundled relationship. Obviously, Alt 2 is a good tradeoff between the resource overhead and the application of dynamic adaptation. Therefore, it is proposed to indicate of one value from one or multiple preconfigured or predetermined minimum value(s)
Proposal 2: It is proposed to indicate one value from one or multiple preconfigured or predetermined minimum value(s).
Considering the different requirements about outside Active Time and within Active Time. The indication method of minimum value can be different. 

For outside Active Time, the power saving signal/channel may carry power saving information of multiple UEs. Besides, the accuracy of beam pair information or channel state information may be low without beam management or CSI report during DRX off period. So the indication of minimum value of K0/K2 does not need to cause much overhead, otherwise the BLER performance would be degraded. Using one bit to indicate the minimum value will be enough outside Active Time. For example the status of ‘1’ indicates to use configured minimum value , and status of ‘0’ indicates same-slot scheduling. 

For within Active Time, different data services may need to be indicated with different minimum values of K0 /K2, so more than one bit is required to make it possible for UE to dynamically adapt to the different traffic type. With ALT 2, a list of minimum values could be configured by higher layer parameters. Furthermore, the power saving signal/channel indicate one entry of the configured list (e.g., TABLE 1). One entry include a set of predetermined minimum value of parameters.

TABLE 1 Example of a list of minimum values
	Index
	minimum value of K0
	minimum value of K1
	minimum value of K2

	1
	1
	/
	1

	2
	2
	/
	1

	3
	1
	2
	2

	...
	...
	...
	...

	N
	1
	/
	1


In the table, ‘/’ means this minimum value is not configured, i.e., this minimum value of this parameter is not restricted by the L1 signalling. 

Proposal 3: Outside Active Time and within Active Time, different configurations and indication methods of minimum values can be considered.

-For outside Active Time, RRC configures one set of minimum value, and one bit is used to indicate whether to use the set of minimum value.

-For within Active Time, RRC configures a list of minimum values, and power saving signal indicates an index of the list configured by RRC. The entries in the list include more than one set of the minimum values.
Miss detection

If a power saving signal/channel which indicates a larger minimum value of K0/K2 than the currently applied is miss detected, the UE will not further relax data processing or PDCCH decoding time. The UE power consumption would not be reduced and the data scheduling would not be impacted, either. If a power saving signal/channel which indicate a smaller minimum value of the K0/K2 is miss detected, the UE may miss data in the following period. So the mechanism to handle the miss detection of power saving signal/channel is important. More analysis and the solution is described in [2].

The application delay
A UE do not need buffer PDSCH during PDCCH decoding or UE can relax the processing timeline when cross-slot scheduling is applied. The application delay is the time offset that the newly indicated minimum value is applied after receiving the indication. 

A simple method is that set the application delay as a fixed value. This is to prevent the UE from missing data transmission. For example, a UE is indicated with minimum value greater than zero in slot 1, and is indicated minimum value equal to 0 in slot n (n>2), if the minimum value is equal to 0 applied in slot n and gNB scheching a PDSCH with K0=0. UE may miss the data since the data is transmitted before the signalling is decoded and UE does not buffer data with cross-slot scheduling operation. So the application delay should be greater than 0. This method do not need to change the value of application delay whatever the minimum value change. The disadvantage is that it is not support fast change from a smaller minimum value to a larger minimum value. Because when UE is indicated with a larger minimum value, the minimum value indicated by power saving signalling can be applied right after the signalling since UE always expects a K0/K2 greater than or equal to the small minimum value. And UE can continue in a saving power mode without data missing.
Another method is that, the application delay for a small minimum value being changed to a larger minimum value and, the application delay for a large minimum value being changed to a smaller minimum value, are treated differently. For example, the application delay for a smaller minimum value being changed to a larger minimum value is fixed with ‘0’ slot, and the application delay for a larger minimum value being changed to a smaller minimum value is configured with a large value (e.g., 2 slot). The disadvantage of this method is that, the latest minimum value and the newly indicated minimum value should be considered, and the application delay should be updated every time when indicating a minimum value. But this method supports a fast change from a smaller minimum value to a larger minimum value.
Observation 1: A fixed value for application delay is easy to be implemented, but can not support a fast adaptation from a smaller minimum value to a larger minimum value. 

Observation 2: Application delay which is determined based on the change of the minimum value can at least support a fast adaptation from a smaller minimum value to a larger minimum value.
Proposal 4: We prefer to configure the application delay according to the relationship of latest minimum value and new minimum value.

- For a larger minimum value change to a smaller minimum value, the application delay is 0 slot.

-For a smaller minimum value change to a larger minimum value, the application delay is 2 slots.

Discussion on application delay and BWP switch delay
In this section we discuss about how to deal with the application delay and BWP switch delay if the DCI indicates a BWP switching and also indicates a new minimum K0/K2 value. According to 38.133, BWP switching delay could be one slot for type 1 UE capability. In some cases, the application delay is greater than the BWP switching delay. For example, a UE relaxes the PDCCH processing timeline which means the time for decoding DCI may greater than one slot. Since the decoding time is increased, the BWP switching delay should also increase and it should at least equal to the application delay of minimum value. In other cases, the application delay is no larger than the BWP switching delay. As there is no data transmitting during the BWP switching, the application delay should equal to the BWP switching delay. So the delay for minimum value and BWP switching should be max{application delay of minimum value, BWP switching delay}.

Proposal 5: For a DCI which indicate a BWP switching and a new minimum value, the delay for minimum value and BWP switching should be max{application delay of minimum value, BWP switching delay}.
Discussion on aperiodic CSI-RS and K1

Discussion on K1

	38.213[3]
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit.

With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot 
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 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot 
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, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK. 
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 corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 


In Release-15, upon the detection of a DCI which indicates a SPS PDSCH release, UE needs to provide corresponding HARQ-ACK information. And the offset of the DCI and the corresponding acknowledgement information is K1 indicated by the PDSCH-to-HARQ-timing-indicator field. In this scenario, if the K1 is indicted to zero the UE can not save power even if other minimum values are indicated to be greater than zero because UE needs to prepare for the UL transmission. So if cross-slot scheduling is applied, the minimum value of K1 should be configured greater than zero at least in the case that the DCI indicate a SPS PDSCH release.

Proposal 6: To enable cross-slot scheduling, the minimum value of K1 should be configured to be greater than zero at least in the case that the DCI indicates a SPS PDSCH release.

Discussion on aperiodic CSI-RS
The aperiodic NZP CSI-RS resource could be configured to be associated with SRS resource set if the SRS resource set is set to ‘nonCodebook’. The SRS request field in DCI can trigger an aperiodic SRS resource set and implicitly trigger the CSI-RS. The CSI-RS is transimitted in the same slot as the DCI triggering SRS which means the aperiodic CSI-RS triggering offset is fixed to zero in this case. Hence UE can not save power even if other minimum values are greater than zero. 

From the perspective of power saving, if the minimum value of aperiodic CSI-RS triggering offset is indicated to be greater than zero, the offset between DCI triggering an aperiodic SRS resource set and the associated CSI-RS should also be greater than zero. However, in Rel-15, there is not a parameter defined for the offset between DCI triggering an aperiodic SRS resource set and the associated CSI-RS. So the parameter can be added in SRS-Config IE. And the value of the parameter described above should be less than the value of parameter SlotOffset. In RAN1#97 meeting, it was agreed that the minimum value of aperiodic CSI-RS triggering offset is equal to the minimum value of K0. So the minimum value of the parameter can also equal to minimum value of K0. 

Proposal 7: Adding a parameter to denote the offset between the CSI-RS resource associated with aperiodic SRS and the DCI triggering SRS, and the parameter can be set to a non-zero value.

Cross BWP scheduling

Configuration of minimum value
In Rel-15, DCI format 0_1 and 1_1 can indicate cross-BWP scheduling. For cross-BWP scheduling, the target BWP’s TDRA table should be used. UE does not know a-priori which BWP it would be triggered to, in case there are more than one BWPs configured. If candidate values for minimum offset is configured per BWP, UE should always prepare to receive PDSCH after 
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 is the minimum value of K0 for BWP i. This would defeat the intention of introducing the minimum K0/K2 value to enable the cross-slot scheduling. Hence it’s better to support the configuration of candidate minimum K0/K2 on a per-UE or per-cell basis.

It was agreed in RAN1#97 [1] that an entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s). The TDRA is configured per-BWP, so the minimum value applied in a particular BWP may not be suitable for other BWP. For example, the minimum K0 is 2, TDRA configured in BWP j has no entry with K0>1. If UE is indicated to perform BWP switching to BWP j, there would be no valid TDRA entry. This means the BWP with all entries less than the minimum value will not be triggered. So the number of available BWP is decreased. To solve this problem, if a BWP configured with a TDRA which has no valid entry is triggered, the DCI which indicates the BWP switching should also update a suitable minimum value for the target BWP. The selection of the new minimum value should consider the TDRA configured in the target BWP.

Proposal 8: The candidate set(s) of the minimal applicable value(s) should be configured per UE.

Conclusion

We have the following observations and proposals.
Observation 1: A fixed value for application delay is easy to be implemented, but can not support a fast adaptation from a smaller minimum value to a larger minimum value. 

Observation 2: Application delay which is determined based on the change of the minimum value can at least support a fast adaptation from a smaller minimum value to a larger minimum value.
Proposal 1: Cross-slot scheduling can be indicated in power saving signal/channel outside Active Time.

Proposal 2: It is proposed to indicate one value from one or multiple preconfigured or predetermined minimum value(s).
Proposal 3: Outside Active Time and within Active Time, different configurations and indication methods of minimum values can be considered.

-For outside Active Time, RRC configures one set of minimum value, and one bit is used to indicate whether to use the set of minimum value.

-For within Active Time, RRC configures a list of minimum values, and power saving signal indicates an index of the list configured by RRC. The entries in the list include more than one set of the minimum values.
Proposal 4: We prefer to configure the application delay different according to the relationship of latest minimum value and new minimum value.

- For a larger minimum value change to a smaller minimum value, the application delay is 0 slot.

-For a smaller minimum value change to a larger minimum value,the application delay is 2 slots.

Proposal 5: For a DCI which indicate a BWP switching and a new minimum value, the delay for minimum value and BWP switching should be max{application delay of minimum value, BWP switching delay}.
Proposal 6: To enable cross-slot scheduling, the minimum value of K1 should be configured to be greater than zero at least in the case that the DCI indicates a SPS PDSCH release.

Proposal 7: Adding a parameter to denote the offset between the CSI-RS resource associated with aperiodic SRS and the DCI triggering SRS, and the parameter can be set to a non-zero value.

Proposal 8: The candidate set(s) of the minimal applicable value(s) should be configured per UE.
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