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1. Introductions
In RAN #83 meeting, a new Rel-16 work item on NR UE power saving was discussed and approved [1]. For cross-slot scheduling, some agreements had been reached in RAN1 #96bis meeting, which are listed as follows [2]. 
	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.
· 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.

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 

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. 

· 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




This contribution discusses the detailed design of cross-slot scheduling enhancements, including the signaling aspects to trigger/disable cross-slot scheduling, signaling to indicate the minimum K0/K2 and minimum A-CSI-RS offset, and UE reporting the minimum K0/K2, etc.
2. Discussion on cross-slot scheduling enhancement
2.1. Signaling to trigger/disable cross-slot/same-slot scheduling
It is agreed in last RAN1 meeting that:
· 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.

There are two remaining issues to be addressed.
Issue 1: Does UE adapt the minimum applicable value(s) of K0/K2 and adapt aperiodic CSI-RS triggering offset simultaneously or separately?
To support cross-slot scheduling to save power, upon receiving the triggering signaling, UE expects in the coming slots, both K0/K2 and the A-CSI-RS offset (if any) is greater than the minimum applicable value(s) of K0/K2 and the minimum A-CSI-RS offset, respectively, until signaling to disable cross-slot scheduling is received. 

Upon receiving the signaling to disable cross-slot scheduling, UE does not expect in the coming slots, both K0, K2 and the A-CSI-RS offset (if any) is greater than the minimum applicable value(s) of K0, K2 and the minimum A-CSI-RS offset, respectively, until signaling to trigger cross-slot scheduling is received.
 This means UE need to adapt the minimum applicable value(s) of K0/K2 and adapt the minimum aperiodic CSI-RS triggering offset simultaneously, in order to not buffer DL I/Q data before DCI is decoded.
Proposal 1: For an active DL and an active UL BWP, a UE can be indicated via signalling(s) to adapt the minimum applicable value(s) of K0, K2, and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured).
Issue 2: The signaling type to trigger/disable cross-slot/same-slot scheduling
There are three options for signaling type to trigger/disable cross-slot/same-slot scheduling.
· Option 1: MAC-CE 
· Option 2: Scheduling DCI
· Option 3: Non-scheduling DCI

In most use cases, the switch between cross-slot/same-slot scheduling is expected not to be very frequent. For example, when the traffic burst is sparse and the packet size is relatively small, cross-slot scheduling can be triggered. When the traffic burst gets denser and the packet size is relatively large, same-slot scheduling can be triggered. So the signaling latency caused by MAC CE or DCI to enable/disable cross-slot signaling can be both acceptable. The triggering/disabling signaling for cross-slot scheduling need to be reliable, so retransmissions for signaling is beneficial and necessary. For MAC-CE and non-scheduling DCI, retransmission can be supported. For scheduling DCI, retransmission for signaling content is not supported. For scheduling DCI, additional bit filed or re-purpose existing bit filed is needed.  For example, one additional bit can be introduced in scheduling DCI. ‘1’ means triggering cross-slot scheduling and ‘0’ means disabling cross-slot scheduling. The comparison among three candidate signaling for trigger cross-slot/same-slot scheduling is shown in Table 1.
Table 1: Comparison among three candidate signaling for trigger cross-slot/same-slot scheduling
	Signaling Type
	MAC-CE
	Non-scheduling DCI
	Scheduling DCI

	Latency
	Medium
	low
	low

	Retransmission for signaling content
	Yes
	Yes/No
	No

	Bit filed
	New design
	New design
	Additional bit filed or re-purpose existing bit filed


Cross-slot scheduling can be configured with or without CDRX. During the discussion on WUS before CDRX onduration, it is proposed that other functions can be indicated also by WUS, e.g., cross-slot scheduling, MIMO layer adaptation, etc [3]. If cross-slot scheduling is triggered/disabled by PDCCH based WUS, the appropriate option is to use non-scheduling DCI, because most likely, PDCCH based WUS will be based on non-scheduling DCI. One alternative is that adaptation of cross-slot/same-slot scheduling can be automatically triggered if WUS is detected by UE. If WUS is not detected by UE, adaptation of cross-slot/same-slot scheduling is not automatically triggered.

If cross-slot scheduling is triggered/disabled independently (e.g., not by PDCCH WUS), both non-scheduling DCI and scheduling DCI can be considered.

Proposal 2: Cross-slot scheduling can be triggered/disabled by PDCCH based WUS for CDRX, and can also be triggered/disabled independent of WUS for CDRX.

Proposal 3: If cross-slot scheduling is triggered/disabled by PDCCH based WUS for CDRX, the triggering signaling should be non-scheduling DCI. Or the adaptation of cross-slot/same-slot scheduling for CDRX can be automatically triggered if WUS is detected by UE.
Proposal 4: If cross-slot scheduling is triggered/disabled independent of WUS for CDRX, both non-scheduling DCI and scheduling DCI can be considered.
2.2. Signalling to indicate the minimum applicable value of K0/K2

In last RAN1 meeting, there are three candidate indication methods to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP:

· 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: 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 

One TDRA table have enough entries to indicate different K0/K2 values. These K0/K2 values can be equal to 0 and greater than 0. For example, up to 16 K0/K2 values can be configured in Rel-15 spec. Cross-slot scheduling and same-slot scheduling can share the same TDRA table. The difference is that for cross-slot scheduling, only the entries of which the value is larger than the minimum K0/K2 value can be indicated in DCI; for same-slot scheduling, all the entries can be indicated in DCI. For simplicity, Alt 3: Indication of the minimum applicable value is preferred as the baseline. There is no need to define multiple configured TDRA tables and there is no need to use bit-map based method to indicate subset of TDRA entries. The minimum value can be indicated by RRC signaling.
Proposal 5: Indication of the minimum applicable value (Alt.3) through RRC signaling is preferred as the baseline methods to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP. 
Another issue here is whether and how the minimum applicable K0 (or K2) value of the active DL (or UL) BWP is also applied to cross-BWP scheduling. Cross-slot scheduling should also be supported for cross-BWP/carrier scheduling. The BWP switching delay in same carrier and the switching delay for carrier switch need to be considered when gNB explicitly configures the minimum K0/K2.
The minimum K0/K2 for cross-slot scheduling that facilitates power saving depends on UE implementation/capability. Network can configure the K0/K2 values based on the preferred minimum K0/K2 reported by UE such that cross-slot scheduling can be used more efficiently.
Proposal 6: Support UE reporting preferred minimum K0/K2 for different numerologies.
2.3. Signalling to indicate the minimum applicable value of the aperiodic CSI-RS triggering offset
In last RAN1 meeting, there are two 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
Firstly, in Rel-15, aperiodicTriggeringOffset provides information of the Offset X between the slot containing the DCI that triggers a set of aperiodic NZP CSI-RS resources and the slot in which the CSI-RS resource set is transmitted. k0 in PDSCH-TimeDomainResourceAllocation provides information of the slot offset between DCI and its scheduled PDSCH. There is no obvious reason to couple these two parameters.

Secondly, if the minimum aperiodic CSI-RS triggering offset (KCSI) is identical to the minimum applicable K0 value, UE need to perform blind decoding faster, and the UE implementation flexibility is lost. Since the aperiodic CSI-RS is triggered by UL grant and PDSCH is scheduled by DL grant, if the minimum offset are different, e.g., if minimum KCSI > K0 >0, the modem can process the UL grant slower/later than DL grant, which may result in less power consumption for the sake of less processing intensity. For NR, due to reasons, e.g., different DL and UL bandwidth, the downlink and uplink scheduling DCI may have different DCI size. If the DCI size budget does not exceed, DL grant and UL grant may have different DCI sizes. Thus, processing UL grant less time-critical than DL grant is possible.
It should be noted that it makes little sense to allow the case in which minimum K0 > 0 and minimum KCSI =0. In this case the UE cannot skip buffering I/Q data and thus no power saving is achieved.
In summary, Alt 2 provides more benefit than Alt 1 for indicating the aperiodic CSI-RS triggering offset. And further constraints for Alt 2 should be addressed such that minimum K0 and minimum KCSI should be both equal to 0 or both large than 0.

Proposal 7: Explicit indication of the minimum applicable value of the aperiodic CSI-RS triggering offset (Alt 2) by RRC signaling is preferred. Further constraints for Alt 2 should be addressed such that minimum K0 and minimum KCSI should be both equal to 0 or both large than 0.
3. Conclusion

This contribution discusses the detailed design of cross-slot scheduling power saving techniques, and have the following proposals. 
Proposal 1: For an active DL and an active UL BWP, a UE can be indicated via signalling(s) to adapt the minimum applicable value(s) of K0, K2, and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured).
Proposal 2: Cross-slot scheduling can be triggered/disabled by PDCCH based WUS for CDRX, and can also be triggered/disabled independent of WUS for CDRX.

Proposal 3: If cross-slot scheduling is triggered/disabled by PDCCH based WUS for CDRX, the triggering signaling should be non-scheduling DCI. Or the adaptation of cross-slot/same-slot scheduling for CDRX can be automatically triggered if WUS is detected by UE.
Proposal 4: If cross-slot scheduling is triggered/disabled independent of WUS for CDRX, both non-scheduling DCI and scheduling DCI can be considered.
Proposal 5: Indication of the minimum applicable value (Alt.3) through RRC signaling is preferred as the baseline methods to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP. 
Proposal 6: Support UE reporting preferred minimum K0/K2 for different numerologies.

Proposal 7: Explicit indication of the minimum applicable value of the aperiodic CSI-RS triggering offset (Alt 2) by RRC signaling is preferred. Further constraints for Alt 2 should be addressed such that minimum K0 and minimum KCSI should be both equal to 0 or both large than 0.
4 
References

[1] RP-190727, “New WID: UE Power Saving in NR”, CATT

[2] RAN1 chairman notes, 3GPP TSG RAN WG1 #96bis

[3] R1- 1906170, “PDCCH-based power saving signal/channel”, vivo, 3GPP TSG RAN WG1 #97
[image: image1.png]



