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Introduction
In RAN1 #96b, procedures for UE power saving using cross-slot scheduling were discussed and several agreements were made [1]. The agreements are provided in the Appendix. 
One important agreement was that adaptation between cross-slot scheduling only and Release 15 based scheduling (same-slot and cross-slot scheduling) is going to be supported using either L1 based or MAC CE based signaling. The adaptation is to be achieved by supporting indication of the minimum applicable values of K0, K2, and the aperiodic CSI-RS triggering offset parameters. Several possible indication methods, from which one or more preferred solutions shall be down-selected, have been identified.
In this contribution, we discuss the procedures to support cross-slot scheduling for UE power saving and present our proposals for the open items.
Discussion
Time domain resource allocation adaptation 
In Release 15, the DL and UL time domain allocation (TDRA) lists may contain entries with K0/K2 = 0 as well as K0/K2 > 0, enabling both same-slot and cross-slot scheduling. This prevents the UE from entering micro-sleep state as soon as the reception of the PDCCH is completed since the scheduling DCI may indicate same-slot scheduling. If, however, the TDRA lists contain entries only with non-zero K0/K2 values, i.e. supporting only cross-slot scheduling, then the UE can start micro-sleep process as soon as the PDCCH is received and can continue the decoding process in the background. 
Although it is possible for the gNB to configure a TDRA list with entries containing only K0/K2>0 so that power saving can be performed, this approach results in scheduling constraints and increased latency since PDSCH cannot be scheduled in the same slot as the associated PDCCH. Therefore, it is desirable to support both (i) only cross-slot scheduling and (ii) both same-slot and cross-slot scheduling and dynamically configure the UE to operate in one or the other mode depending on the traffic characteristics and power consumption behaviour. For example, when the UE has delay tolerant traffic, the gNB can provide the UE with a TDRA list whose entries contain K0>0 values. If the UE traffic is delay sensitive, however, the gNB can configure the UE with a TDRA list whose entries contain K0≥0 values.
To achieve a desirable trade-off between latency and power savings, adaptation between cross-slot scheduling and conventional scheduling (where both same-slot and cross-slot scheduling are possible) is needed. As it was agreed in RAN1 #96b, this could be achieved by adapting the minimum applicable values of the K0, K2, aperiodic CSI-RS triggering offset parameters. Note that in Release 15, using RRC, the gNB can already re-configure the TDRA tables and the CSI-RS Resource Set.
Below, we compare the two alternative methods identified in RAN-1 #96b to achieve such adaptation.
1. MAC CE: MAC CE is reliable due to HARQ feedback but incurs higher delay than L1 signaling.
2. L1 signaling: L1 signaling has lower delay and uses less system resources than MAC CE. In addition, the L1 based PDCCH based power saving signal, which has already been agreed to be supported, can be used to carry the indication for cross-slot scheduling. The reliability of L1 signal, however, depends on the misdetection performance.

Given the advantages of L1 signaling over MAC CE, we propose the following:
Proposal 1: For an active DL and an active UL BWP, the minimum applicable values of K0 and K2 are indicated by L1 signaling.

Adaptation mechanism
Several mechanisms were identified and agreed in RAN-1 #96b to support adaptation of the minimum applicable values of K0 and K2:
· 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
· Note: Other option is not precluded

Next, we discuss and compare these mechanisms considering that L1 based adaptation is utilized.

Alt 1: The gain of cross-slot scheduling comes from the micro sleep opportunity due to non-zero K0 and K2 parameters and it is sufficient to set K0min and K2min to a small value, e.g. 1 slot, to capture almost all possible gain (which would need 1 bit signaling). This alternative results in very high signaling overhead, and further restricting the TDRA table at the expense of high signaling overhead does not seem to have justifiable benefits.
Alt 2: This alternative has low signaling overhead (1 bit for two TDRA tables). One noteworthy disadvantage of this alternative is that misdetection of the power saving signal that is used to adapt K0min/K2min may result in a conflict between the TDRA table used by the gNB and the UE. To exemplify, assume that the gNB sends a power saving signal to change the active TDRA table from Table 1 to Table 2 and that the UE misses this signal. In the following slots, the UE would assume that the time domain resource assignment field in the scheduling DCI points to Table 1 while actually Table 2 must be used. Such an event may result in significant data loss and latency.
To prevent this type of errors, additional mechanisms may be used such as including the TDRA table index in the scheduling DCI or defining a timer, when expired, the active TDRA table reverts to a default. Alternatively, as part of the scheduler implementation, the gNB may decide to retransmit the power saving signal if the number of failed transmissions exceeds a threshold. All these solutions, however, result in one or more of data loss, latency, unnecessary UE power consumption.
Alt 3: This method experiences low overhead if the range of K0min/K2min is kept small, e.g., 0 to 1 slot. One major advantage of this method is that misdetection may be either be corrected by the UE or it may not result in any data loss as described in the following for two types of misdetection.
· Type 1: K0min/K2min is set to a lower value from a higher value (e.g. from 1 to 0 slot) and the UE misses this indication: In this case, the UE continues to stay in micro-sleep state within a slot to save power. However, as soon as it receives and decodes a scheduling DCI with K0/K2 = 0, the UE can realize that there is a mismatch between the K0min/K2min value it uses and the K0min/K2min value the gNB uses. Then, it can reset the value of K0min/K2min to the K0/K2 value indicated in the scheduling DCI, i.e., 0. This case is illustrated in Figure 2‑1. In this figure, the UE misses the power saving signal (PSS) that sets K0min to 0 in slot #n. In slot #n+1, it receives a scheduling DCI with K0 = 0. When the DCI is decoded, the UE can set K0min to the new value of 0 slots.

[image: ]
[bookmark: _Ref7617846]Figure 2‑1 Setting the K0min/K2min value using implicit indication from the scheduling DCI

Note that, the gNB can also intentionally use the scheduling DCI to set the K0min/K2min to a new value. One use case of this scheme could be when the PDCCH resources are limited; so instead of transmitting a power saving signal, the gNB can simply use the scheduling DCI to set the K0min/K2min to 0. From the UE’s point of view, there is no difference whether the K0/K2 indicated in the scheduling DCI conflicts with the current K0min/K2min as a result of a missed signaling or an intentional indication by the gNB.
· Type 2: K0min/K2min is set to a higher value from a lower value (e.g. from 0 to 1 slot) and the UE misses this signal: In this case, the UE may not realize that there is a mismatch between the K0min/K2min values at the UE and the gNB sides. So, as a result of missing the transition to cross-slot scheduling, it will not be able to save power until the next power saving signal. However, no data loss will occur.

Based on the above discussion we propose:
Proposal 2: Support indication of the minimum applicable value of K0 and K2.
Proposal 3: Support indication of the minimum applicable value of K0 and K2 using scheduling DCI.

Aperiodic CSI reporting
The two alternatives identified and agreed in RAN-1 #96b as indication method to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset are:
· Alt 1: Implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value
· Alt 2: Indication of the minimum applicable value 
· Note: Other option is not precluded

Since the goal of cross-slot scheduling is provide micro-sleep opportunity, a 1 slot delay between the triggering DCI and the CSI-RS transmission is sufficient to attain almost all power saving gain. Note that the goal of the cross-slot scheduling procedure is not to change the CSI reporting framework but to simply introduce a delay to provide the UE with the micro-sleep opportunity. Therefore, we do not think that indicating a separate value for CSI-RS triggering offset is necessary and it can be derived from the indicated K0min value.
In addition, there are certain scenarios where the values of K0min/K2min/CSI-RS triggering offset may not be explicitly signalled. For example, using the existing RRC-based Release 15 mechanisms, the gNB may re-configure the TDRA tables and the K0min/K2min may be adapted between zero and non-zero values. In this case, the UE can simply derive the CSI-RS triggering offset from the K0min value.
As we have presented above, the scheduling DCI can also be used to adapt the value of K0min/K2min in certain cases. Similarly, the UE can derive the CSI-RS triggering offset from the K0min value.
Given the above reasons, it is straightforward to simply set the aperiodic CSI-RS triggering offset to the value of K0min.
Proposal 4: Support implicit indication of the aperiodic CSI-RS triggering offset by defining the minimum applicable value the same as the minimum applicable K0 value.

Summary
In this contribution, we have discussed the procedures of cross-slot scheduling for UE power saving. The following are proposed:
Proposal 1: For an active DL and an active UL BWP, the minimum applicable values of K0 and K2 are indicated by L1 signaling.
Proposal 2: Support indication of the minimum applicable value of K0 and K2.
Proposal 3: Support indication of the minimum applicable value of K0 and K2 using scheduling DCI.
[bookmark: _GoBack]Proposal 4: Support implicit indication of the aperiodic CSI-RS triggering offset by defining the minimum applicable value the same as the minimum applicable K0 value.
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Appendix

Agreements from RAN-1 #96b are given below:

Agreements:
· Regarding aperiodic CSI-RS triggering, at least if a UE is operated with cross-slot scheduling-based power saving, 
· If all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states and the PDCCH SCS is equal to the CSI-RS SCS, specification allows the aperiodic CSI-RS triggering offset to be set to a non-zero value.
Agreements:
· For an active DL and an active UL BWP, a UE can be indicated via 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) where the signalling type is to be down-selected from:
· Alt 1: MAC-CE based
· Alt 2: L1 based
· FFS: How to determine the minimum applicable value if explicit value is not provided.

Agreements:
Possible candidate indication methods to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP, where the indication method is to be selected from:
· 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
· Note: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 
FFS: Whether and how the minimum applicable K0 (or K2) value of the active DL (or UL) BWP is also applied to cross-BWP scheduling 

Agreements:
Possible candidate indication methods to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, where the indication method is to be selected from: 
· 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 
· Note: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 

Agreements:
· The adaptation on the minimum applicable value of K0 does not apply to at least the following cases:
	RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common



Conclusion:
Companies are encouraged to further investigate whether to apply the adaptation for at least the following cases:
· K0 related:
	RNTI
	PDCCH search space

	C-RNTI, CS-RNTI
	

	MCS-C-RNTI
	



· K2 related:
	RNTI
	PDCCH search space

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213

	C-RNTI, TC-RNTI, CS-RNTI
	

	MCS-C-RNTI
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