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Introduction
This document considers the following remaining issue related to cross-slot scheduling for UE power saving that was not resolved in RAN1#100bis_e:
· Error handling when the UE detects an invalid TDRA entry from DCI format 0_0/1_0

Background: feature lead proposal for discussion in RAN1#101
Error handling was treated as issue#3 in the email discussion [100b-e-NR-UE_pow_sav-Cross_Slot-02] (on error handling when the UE detects an invalid TDRA entry from DCI format 0_0/1_0). The feature lead made the following comments regarding phase 2 of the discussion:
· Issue #3: Error handling when the UE detects an invalid TDRA entry from DCI format 0_0/1_0: While the initial proposal is not to make any specification impact, but there are still some companies think this is an important issue to handle the misalignment between gNodeB and UE using DCI format 0_0/1_0 without the 1-bit indication. Compared with DCI-based indication for BWP switch where there is a time-out mechanism to re-align gNodeB and UE in default BWP, UE that cannot support DCI and timer based BWP switch may not be able to re-align the scheduling offset restriction with gNodeB. On the other hand, there are some companies think this can be resolved by UE implementation, e.g., UE can correct the applied scheduling offset restriction for such error case and avoid dropping next detected DCI. Since there is no consensus in resolving this issue, the final agreement is to revisit this issue in RAN1 meeting (#101-e):


Proposal for issue #3:
For an active BWP with scheduling offset restriction(s) configured and when UE detects an invalid TDRA entry violating current applied K0min/K2min from DCI format 1_0/0_0, one of the following is decided in RAN1 #101-e meeting:
· Alt 1: Additional RAN1 specification is defined for handling such error case
· Solution to be converged from companies’ proposals to RAN1 #101-e
· Alt 2: No additional RAN1 specification is defined for handling such error case




Error handling when the UE detects an invalid TDRA entry from DCI format 0_0/1_0
This section relates to issue#3 of email discussion [100b-e-NR-UE_pow_sav-Cross_Slot-02] from RAN1#100bis_e.
[bookmark: _Ref40021184]Which K0min / K2min values should the UE apply in the future?
The error case under consideration here is that the UE is configured with a  certain K0min / K2min value and a DCI is received with a  TDRA entry indicating a K0 / K2 value that is less then this K0min / K2min. This error can occur in [at least] the following cases:
· Missed DCI format 0_1/1_1. The gNodeB assigns the UE with new values of K0min / K2min via DCI format 0_1/1_1 and the UE fails to decode this DCI. The UE is then not synchronised with the gNodeB in terms of K0min / K2min. In future, when the UE is scheduled using DCI format 0_0/0_1, the gNodeB uses a smaller value of K0/K2 than the values of K0min / K2min that the gNodeB previously assigned. 
· It should be possible for the gNodeB implementation to avoid this case, since if the gNodeB does not receive a PUCCH in response to the original DCI format 0_1/1_1, it can understand that the UE will have not updated its K0min / K2min values. In this case, the gNodeB can continue scheduling on the basis that the UE is using the older (larger) values of K0min / K2min.
· Intentional K0min / K2min update using DCI format 0_0/1_0. The gNodeB assigns the UE with DCI format 0_0/1_0 because the UE is close to the cell edge and the gNodeB wishes to use the more efficient DCI formats 0_0/1_0 in preference to the DCI formats 0_1/1_1. Since DCI formats 0_0/1_0 do not contain a “minimum applicable scheduling offset indicator” field, it is impossible to change the cross-slot scheduling parameters in this case. It is proposed [2]-[6] that an update of the UE’s K0min / K2min values can be effected if the UE updates its K0min / K2min values when it receives invalid TDRA entries.
· This case allows the gNodeB to reduce the UE’s K0min / K2min (i.e. to go from a cross-slot scheduling scheme towards a same-slot scheduling scheme), but does not allow the gNodeB to increase the UE’s K0min / K2min. It could still be useful to allow the system to reduce K0min / K2min using DCI format 0_0/1_0, while considering how K0min / K2min can be increased in a future release.
· This latter case would be intended functionality, rather than an error case. The question remains as to whether the UE behaviour should be up to UE implementation or should be specified. Given that a specific functionality is desired from the UE (that it updates its K0min / K2min value), it is preferable that this behaviour would be specified.
The following UE functionalities would allow the gNodeB to intentionally update K0min / K2min using DCI format 0_0/1_0:
· Alt1: The UE uses the K0 / K2 value from the invalid TDRA entry as the new K0min / K2min going forward [5][6].
· Alt2: The UE uses the minimum RRC-configured values of K0min / K2min as the new K0min / K2min values going forward [2][3][4].
The functionality in DCI format 0_0/1_0 should mirror the functionality for DCI formats 0_1/1_1. Hence our preference would be Alt2: that the UE uses the minimum RRC-configured values of K0min / K2min going forward. This functionality would also avoid multiple changes in K0min / K2min if the gNodeB scheduled intermediate values of K0 / K2.
Proposal 1: If the UE receives DCI format 0_0 / 1_0 with invalid TDRA entries, the UE updates its K0min / K2min values based on those TDRA entries.

Should the UE send PUCCH in response to a DCI received with invalid TDRA entry?
When the UE receives a DCI with an invalid TDRA entry, the question arises as to whether the UE should send PUCCH in response to that DCI.
The handling of inconsistent control information is specified in TS38.213 section 10.1, where it is stated that:
If a UE detects a DCI format with inconsistent information, the UE discards all the information in the DCI format.
The UE would not respond on PUCCH to a DCI containing inconsistent information.
According to the proposal in section 3.1, the UE would use the signaled K0 / K2 information in the DCI in order to update the value of K0min / K2min. Accordingly, the UE does not discard all the information in the DCI format and hence the DCI format is not considered to carry inconsistent control information. The question then arises as to what the UE should do about sending PUCCH.
When the UE receives a DCI with an invalid TDRA entry, the UE is clearly not able to decode the PDSCH (depending on UE implementation, the OFDM symbols carrying PDSCH may not have been buffered at all when the UE receives K0 = 0 and the UE is applying K0min > 0). It would similarly not be able to encode the PUSCH.
If the UE did not respond with PUCCH to the PDCCH with invalid TDRA entry, the gNodeB would not be aware of whether the UE had updated its K0min / K2min value (according to the discussion in section 3.1). Hence it is preferable that the UE responds to this PDCCH with PUCCH. The natural response would be to indicate NACK for the PDSCH (since the PDSCH could not be received). The PUCCH indicating NACK serves to acknowledge the PDCCH. As an alternative to updating K0min / K2min using a DCI format 1_0 allocation, the gNodeB could instead update K0min / K2min using a DCI format 0_0 allocation, but in this case there would be no PUSCH response from the UE and the gNodeB would be unaware of whether the UE had received the PDCCH or not.
Proposal 2: If the UE receives DCI format 1_0 with an invalid TDRA entry, the UE responds with a PUCCH indicating NACK for the associated PDSCH.
Observation 1: If the gNodeB transmits DCI format 0_0 with an invalid TDRA entry, the UE will not respond with PUSCH and the gNodeB will not know whether the UE has updated its K0min / K2min or not.

Conclusion
This document has considered issues related to error handling in cross-slot scheduling for UE power saving and makes the following proposals and observation:
Proposal 1: If the UE receives DCI format 0_0 / 1_0 with invalid TDRA entries, the UE updates its K0min / K2min values based on those TDRA entries.
Proposal 2: If the UE receives DCI format 1_0 with an invalid TDRA entry, the UE responds with a PUCCH indicating NACK for the associated PDSCH.
Observation 1: If the gNodeB transmits DCI format 0_0 with an invalid TDRA entry, the UE will not respond with PUSCH and the gNodeB will not know whether the UE has updated its K0min / K2min or not.
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