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Introduction
In this contribution, we discuss the following aspects related to cross-slot scheduling for UE power saving:
· Application delay for change of minimum applicable K0/K2 values
· UE behavior when an invalid TDRA entry is received
· Aperiodic SRS slot offset
This document is based on the agreements that are documented in the chairman’s notes for NR power saving agenda items in RAN1 meetings prior to RAN1#99 Reno.

Application delay for minimum applicable K0 / K2 values
 This section considers two issues:
· Receipt of change indication before new minimum applicable K0 / K2 value is applied
· UE behaviour in case of miss-detection
Receipt of change indication before new minimum applicable K0 / K2 values are applied
Figure 1 illustrates the issue of a change indication being received by the UE before a new minimum applicable K0 / K2 value is applied. The figure shows that up until slot n+3, K0_min = 3 is applied. In slot n + 4, a scheduling DCI signals that K0_min = 0 will be applied thereafter. According to previous agreements, this new K0_min value will not take effect until slot n+7 (7 = 4 + the previous value of K0_min). The figure shows a new change indication being received at slot n + 6. The question arises as to whether the UE should change its K0_min value based on this change indication that occurs before the new K0_min value signaled in slot n + 4 has had time to take effect.
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Reception of a change indication during the application delay / switching time (as shown in slot n+6 in Figure 1) is considered to be a corner case that would not be signaled by the network and would complicate the specifications. Hence our preference is that the UE does not respond to an indication to change minimum K0 (K2) values during the switching time.
Proposal 1: During a switch between cross-slot scheduling parameters, the UE ignores the 1-bit indication before applying the previously indicated change.

Whether/how to define UE behavior in case of miss detection
If the UE does not detect a scheduling DCI that changes the K0_min / K2_min value, the UE can be prone to reception of invalid TDRA entries. The following section (observation 1) suggests that the way to provide robustness to miss detection of the scheduling DCI is for the gNodeB to not schedule using the new values of K0_min / K2_min until it has received a PUCCH or PUSCH associated with the scheduling DCI. If the cross-slot scheduling states of the UE and gNodeB become inconsistent to the extent that the UE receives many invalid TDRA entries, the cross-slot scheduling state can be reset via RRC signaling.

UE behavior when an invalid TDRA entry is received 
There are two broad possibilities for why an invalid TDRA entry could be received by the UE:
· The UE misses a DCI that updates the minimum K0/K2 value to a smaller value. The UE may miss this DCI due to errors on the channel
· The specifications support implicit schemes whereby reception of a K0 / K2 value that is lower than the minimum K0 / K2 value implicitly updates the minimum K0 / K2 value

In previous meetings there have been proposals for implicit methods to change the minimum K0 / K2 values, either through updating the minimum K0 / K2 value when an invalid TDRA entry is received [4], [5] and / or by timer expiry methods [3], [5]. However there has not yet been agreement on such implicit methods and only explicit signaling, via scheduling DCI, of a change of minimum K0 / K2 value has been agreed. While we think that these implicit schemes have merit, it is unlikely that they could be specified in the Rel-16 timeframe. 
Hence we understand that a gNB would not deliberately signal an invalid TDRA entry to a UE. The only reason that the UE would receive an invalid TDRA entry would be if the UE had previously missed reception of a scheduling DCI that had updated the minimum K0 / K2 value to a smaller value (e.g. a DCI that moves the UE from a cross-slot scheduling mode to a same-slot scheduling mode). This error scenario is illustrated in Figure 2, where this figure shows:
· At slot n+3 the UE misses detection of a PDCCH that updates the minimum K0 value to K0_min = 0. Hence the gNB assumes K0_min = 0 and the UE assumes K0_min = 1.
· At slot n+5, the UE is scheduled with a PDCCH with a TDRA entry for K0 = 0. This is an invalid TDRA entry since the scheduled K0 value is less than the K0_min stored in the UE.
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One way of avoiding this error scenario at the gNodeB is for the gNodeB to avoid scheduling the UE using the new K0_min value until the gNodeB has received either a PUCCH or a PUSCH in response to the DCI that updated the K0_min value [5,6].
Observation 1: To improve robustness to invalid TDRA table entries, the gNodeB should not schedule with a new smaller K0 value until it has received either PUCCH or PUSCH in response to the scheduling DCI that updated the K0_min value.

The functionality described above (gNB does not use a new K0 value until receiving a response PUCCH / PUSCH from the UE) will not necessarily be implemented by the gNodeB. The question remains as to what should the UE response be if it receives a DCI scheduling an invalid TDRA entry. The following possible functionalities exist:
· UE sends NACK in response to PDCCH. This NACK would reflect an inability to decode the PDSCH due to the invalid TDRA entry, rather than there being some problem with the channel conditions at the time of PDSCH reception. CSI outer loop functionality in the gNodeB would get confused if it updated PDSCH MCS based on NACKs related to invalid TDRA table entries. Hence it is not desirable for the UE to send NACK in response to a PDCCH with invalid TDRA entry.
· UE does not respond to the PDCCH. This is DTX functionality. The gNB would not know whether it received DTX due to a PUCCH error, to the PDCCH not being received by the UE or to the UE not having received a previous PDCCH that changed the K0_min value. In any case, the gNodeB should attempt a re-transmission. In case the DTX reception had been due to an invalid TDRA entry, the gNodeB should re-transmit using a K0 value that is compatible with the previous K0_min value.
· UE behavior is undefined. This is undesirable as the gNB would not know how to interpret NACK and DTX from the UE.

Based on the above discussion, the safest functionality is for the UE to not respond to a PDCCH with an invalid TDRA entry.
Proposal 2: If the UE receives a DCI with an invalid TDRA entry, the UE does not respond to that DCI with PUCCH or PUSCH.

The UE may receive multiple invalid TDRA entries. There are several potential reasons for this occurring:
· Firstly, the gNodeB may schedule the UE multiple times between sending a scheduling DCI that updates K0_min and receiving PUCCH / PUSCH feedback from the UE. The gNodeB might not be aware of the invalid TDRA entry issue until it attempts to receive the PUCCH / PUSCH feedback. 
· Secondly, the gNodeB behavior in response to not receiving PUCCH / PUSCH (related to the above proposal 2 concerning invalid TDRA entry) is undefined and implementation dependent. For example, the gNodeB could continue scheduling the UE with an invalid TDRA entry.

In this case, the UE needs to make the gNodeB aware of the situation that it is receiving multiple invalid TDRA entries. This functionality can be achieved by the UE sending an RRC message to the gNodeB, to allow the gNodeB to correct its operation. Such an RRC message could be transmitted assuming K0_min = 0. 
Proposal 3: When the UE receives multiple invalid TDRA entries, it sends an RRC message to the gNodeB to reset the cross-slot scheduling state of the system.

Aperiodic SRS slot offset
The issue of whether “minimum applicable aperiodic SRS slot offset” is supported or not in the Rel-16 NR UE power saving WI was discussed, but no conclusion was reached. The feature lead summary from RAN1#98bis Chongqing [2], indicates that all companies expressing a preference (11 companies in total) on the “minimum applicable aperiodic SRS slot offset” issue supported inclusion of A-SRS slot offset in the adaptation.
The supporting argument for including “minimum applicable aperiodic SRS slot offset” is technical and the opposing argument seems to be procedural.
Supporting argument. If a “minimum applicable aperiodic SRS slot offset” is not supported, the UE would have to perform high-speed DCI processing in order to respond to potentially short SRS slot offsets [1]. Such high-speed DCI processing would reduce UE power saving gains. A simple and effective method to resolve this issue is to support that the minimum applicable aperiodic SRS slot offset is the same as the minimum applicable K2 value.
Opposing argument. The opposing argument to support of A-SRS slot offset in the adaptation seems to be that the NR UE power saving WID does not explicitly indicate that this aspect is supported. We consider this to be a minor procedural issue as it is clear to us that the intention of the WID is to allow lower-speed DCI processing in order to increase UE power saving gain. This lower-speed DCI processing can only be achieved if A-SRS slot offset is included in the adaptation.
We think that the supporting technical argument for inclusion of A-SRS slot offset in the adaptation should certainly take precedence over minor procedural issues / oversights. Hence we make the following proposal:
Proposal 4:  The minimum applicable aperiodic SRS slot offset is equal to the minimum applicable K2 value.
Summary of Proposals and Observations
This document has considered issues related to cross-slot scheduling for UE power saving.
The following proposals and observations are made:
Observation 1: To improve robustness to invalid TDRA table entries, the gNodeB should not schedule with a new smaller K0 value until it has received either PUCCH or PUSCH in response to the scheduling DCI that updated the K0_min value.
Proposal 1: During a switch between cross-slot scheduling parameters, the UE ignores the 1-bit indication before applying the previously indicated change.
Proposal 2: If the UE receives a DCI with an invalid TDRA entry, the UE does not respond to that DCI with PUCCH or PUSCH.
Proposal 3: When the UE receives multiple invalid TDRA entries, it sends an RRC message to the gNodeB to reset the cross-slot scheduling state of the system.
Proposal 4:  The minimum applicable aperiodic SRS slot offset is equal to the minimum applicable K2 value.
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