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Introduction
In RAN1 meetings #96b [1], #97 [2] and #98 [3], the following agreements are established:

	Resolving Rel-15 Sub-6 A-CSI-RS issue to UE power saving

	Agreements (RAN1 #96b):
· 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.


	L1-based adaptation for cross-slot scheduling - Procedures

	Agreements (RAN1 #97):
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 (RAN1 #97):
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
 
Agreements (RAN1 #97):
· To adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated is supported.
 
Agreements (RAN1 #97):
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) 
 

	L1-based adaptation for cross-slot scheduling - Exceptional cases

	Agreements (RAN1 #96b):
· 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


 
Agreements (RAN1 #97):
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.

Agreements (RAN1 #97):
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


	L1-based adaptation for cross-slot scheduling - Signaling and configuration details

	Agreements (RAN1 #98):
Scheduling DCI format(s), 1-1 and/or 0-1, to indicate the minimum applicable value of K0 (K2) for active DL (UL) BWP during Active Time is supported
· FFS: Whether and how other scheduling DCI format(s) during Active Time can be used
 
Agreements (RAN1 #98):
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP for the carrier where PDSCH(PUSCH) is transmitted, the following is supported:
· One or two RRC configured values for restriction to the active TDRA table 
· RRC configuration is per BWP 
· If there are one or two RRC configured values for a BWP, 1-bit indication to indicate one value from two candidate values
· For the case of one RRC configured value, the 1-bit indication further indicates whether or not there is no restriction to the active TDRA table
 
Agreements (RAN1 #98):
· The 1-bit indication in DCI format 1_1 or format 0_1 is used to jointly determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP, which are to be applied at least after the application delay.

Agreements (RAN1 #98):
For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0(K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP is determined by (to down-select one of them):
· Option 1: No restriction if one value is RRC configured; The lowest-indexed RRC configure value if two values are RRC configured
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured; 
· Option 3: No restriction 
 

	Adaptation delay

	Conclusion (RAN1 #97):
Companies are encouraged to check the following proposal for the application delay: 
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot  for K0, or slot  for K2, where 
· X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z = [1]
· Z is the smallest feasible non-zero application delay that may depend on DL SCS 
· FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
 Agreements (RAN1 #98):
· For an active DL and/or an active UL BWP, after UE is indicated to change the minimum applicable values of K0 and/or K2 and before the change indication takes effect,
· UE can be scheduled data with restriction based on current active minimum applicable values of K0 and/or K2
 



To accomplish specification for Rel-16 cross-slot scheduling adaptation, the following sections are devoted for addressing the remaining issues:
· Section 2: Specification of the 1-bit indication for cross-slot scheduling adaptation
· Section 3: Enabling power saving gain with cross-slot scheduling adaptation
· Section 4: Specification of the application delay
· Section 5: Questions for RAN4 clarification

Specification of the 1-Bit Indication for Cross-Slot Scheduling Adaptation
It is agreed that there can be up to two configurations of minimum applicable K0 (K2) values per DL (UL) BWP. For the case of one RRC configured value, it requires further specification how the 1-bit indication further indicates whether or not there is no restriction to the active TDRA table:

	Agreements (RAN1 #98):
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP for the carrier where PDSCH(PUSCH) is transmitted, the following is supported:
· One or two RRC configured values for restriction to the active TDRA table 
· RRC configuration is per BWP 
· If there are one or two RRC configured values for a BWP, 1-bit indication to indicate one value from two candidate values
· For the case of one RRC configured value, the 1-bit indication further indicates whether or not there is no restriction to the active TDRA table



To provide a consistent indication design, the following case should also be considered jointly: 
· For the case of cross-BWP scheduling, if the source DL (UL) BWP has no configured minimum applicable K0 (K2) value and the target DL (UL) BWP has one configured value, zero padding will be applied for UE to interpret the 1-bit indication in the DL (UL) scheduling DCI w.r.t. the target BWP. What is the indication of the padded zero?

Since there can be two configurations, gNodeB always has the freedom to configure both for indicating, e.g., no restriction and restriction w.r.t. the configured value. With only one value configured, it is natural to treat the configured value as the default value. One example usage is that different DL (UL) BWPs are based on a common template of the same TDRA table and, by configuring a single minimum applicable K0 (K2) value, a DL (UL) BWP can apply cross-slot scheduling as the default setting. This simplifies BWP configuration.

[bookmark: _Ref21120265]Proposal 1: For an active DL (UL) BWP with only one configured minimum applicable K0 (K2) value, value 0 of the 1-bit indication for cross-slot scheduling adaptation indicates the configured value, and value 1 of the 1-bit indication indicates no restriction to the active TDRA table.

Regarding the following agreement to specify which configured minimum applicable K0/K2 value is applied for the case none of the 1-bit indication is ever received, e.g., BWP switch triggered by BWP timer expiration, the default setting concept can also be applied, and the following proposal is suggested:

[bookmark: _Ref21120273]Proposal 2: For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0(K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP is determined by:
· The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured
· Note: Value 0 of the 1-bit indication indicates the lowest-indexed RRC configured value if two values are RRC configured

For the other cases, the following clarifications are found useful:

[bookmark: _Ref21120279]Proposal 3: For the case fallback DCI is used, UE applies the restriction previously indicated or, if available, the configured value corresponding to value 0 of the 1-bit indication.

[bookmark: _Ref21123953]Observation 1: During the ambiguous time due to RRC configuration/reconfiguration, UE behavior is not specified. UE can always perform same-slot buffering so as to decode PDSCH with either same-slot scheduling or cross-slot scheduling.

Enabling Power Saving Gain with Cross-Slot Scheduling Adaptation

It has been raised in previous meetings, cross-slot scheduling without relaxed aperiodic SRS slot offset will force high-speed DCI processing and reduce UE power saving benefit. A similar mechanism as handling A-CSI-RS triggering offset can be included to resolve this issue: 

[bookmark: _Ref21120284]Proposal 4: To adapt the minimum applicable value of the aperiodic SRS slot offset, defining the minimum applicable value the same as the minimum applicable K2 value when indicated is supported.

It is agreed that indication of cross-slot scheduling adaptation is carried by a scheduling DCI. However, during data inactivity time, there is no data scheduling. It remains open how to indicate UE to apply cross-slot scheduling for power saving during data inactivity.

If the indication to cross-slot scheduling is carried in the scheduling DCI of the last TB, there is potential TB NACK event. Then gNodeB will need to schedule retransmissions with cross-slot scheduling, which then impacts the data scheduler design assuming same-slot scheduling. If this issue is not resolved, cross-slot scheduling may not be used in DRX on durations with data scheduling. This Rel-16 feature will become dummy since DRX on durations without data scheduling will be eliminated by WUS mechanism. 

To avoid entering cross-slot scheduling when the last TB of a data burst is NACK, one simple solution is to allow entering cross-slot scheduling only after UE successfully decodes the TB, which is captured in the following proposal:

[bookmark: _Ref21115866][bookmark: _Ref21115882][bookmark: _Ref21123832]Proposal 5: When UE is indicated changing to a larger minimum applicable K0 value by DCI format 1-1 during Active Time, UE applies the target minimum applicable K0 value after UE successfully decodes the scheduled TB by the DCI, subject to a proper application delay.

Along with cross-slot scheduling, some companies proposed to also extend PDCCH monitoring periodicity. Since there is equivalent PDCCH skipping functionality in the proposal, it is suggested to study and specify the PDCCH skipping solution in Rel-17 [4] (since the remaining time for Rel-16 is too limited).
 Specification of the Application Delay
First we consider the following reference for deciding the application delay [5]:
	
For an active DL and/or an active UL BWP, when UE is indicated in slot n to change the minimum applicable values of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable values earlier than slot  for K0 and/or slot  for K2, where 
· X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z, presenting the smallest feasible non-zero application delay, is (1, 1, [2], [2]) for DL SCS of (15, 30, 60, 120) KHz, respectively
· FFS: Upper bound on application delay




Z value, presenting the smallest feasible non-zero application delay, can be decided first. Since the physical meaning corresponds to the minimal processing time, in unit of slot, for UE to extract DCI information, it is suggested to refer the largest values from UE chip vendors’ proposals in [5]:

[bookmark: _Ref21123843]Proposal 6: For determining the application delay, let Z represent the minimal feasible non-zero application delay and take value of (1, 1, 2, 2) for DL SCS of (15, 30, 60, 120) KHz, respectively.

To determine the application delay, the reference considers DCI processing time relaxation with larger K0 values. On the other hand, since continuous data scheduling in each slot is always possible, UE needs to follow the Z value for DCI processing even with a large K0; otherwise, some DCI information will be lost due to insufficient processing speed. In this regard, setting X = Z is necessary to accommodate all data scheduling cases. Note that, if Proposal 5 is enforced and UE is indicated to change to a larger minimum applicable K0 value, X should be set to max(Z, Y), where Y = (2 + minimum applicable K0 value prior to the indicated change). Note that 2 is the time margin for UE to finish PDSCH reception and decoding and can be set larger if there is consensus.

[bookmark: _Ref21123848]Proposal 7: The application delay for UE to apply the indicated minimum applicable K0 and K2 values by DCI format 1-1 or 0-1 is defined as X = max(Z, Y) slot(s), where
· Y = [2] + minimum applicable K0 value prior to the indicated change, if Proposal 5 is enforced and UE is indicated to change to a larger minimum applicable K0 value
· Y = 0, i.e., X = Z, otherwise

Finally, to simplify UE behavior before applying the indicated minimum applicable K0 and K2 values, the following proposal is suggested:

[bookmark: _Ref21123854]Proposal 8: UE ignores the 1-bit indication in DCI format 1-1 or 0-1 before applying previous indicated change in the minimum applicable K0 and K2 values.

[bookmark: _GoBack]Questions for RAN4 Clarification
With the above proposals, the specification for Rel-16 cross-slot scheduling adaptation is regarded accomplished. On the other hand, a LS to RAN4 will be necessary for the following reasons:
· Adaptation to TDRA and A-CSI-RS/A-SRS offset settings can be realized via BWP switch, subject to BWP switch delay. Since the above application delay decided by RAN1 is smaller than type-1/2 BWP switch delay decided by RAN4, RAN4 should be notified of the difference.
· Since RAN4 are discussing whether and what smaller BWP switch delay should be applied when maximum MIMO layer number or the parameters related to SCell dormancy behavior [6] are adapted, a joint consideration with adaptation in TDRA and A-CSI-RS/A-SRS offset settings is necessary for a unified BWP switch delay design in RAN4.
· On the other hand, several companies raised the concern on Rel-15 BWP switch delay design where the slower DCI processing time under cross-slot scheduling is not considered [5]. It is also necessary to request RAN4 check on the impact of cross-slot scheduling to BWP switch delay.

[bookmark: _Ref21123859]Proposal 9: RAN1 send a LS to RAN4 for clarification of the following questions:
· Whether and what smaller BWP switch delay(s) should be applied when BWP switch has difference only in TDRA and A-CSI-RS/A-SRS offset settings, maximum MIMO layer number, and/or the parameters related SCell dormancy behaviour.
· Whether and what larger BWP switch delay(s) should be applied when UE is indicated BWP switch under cross-slot scheduling wherein relaxed UE DCI processing timeline is expected.


 Conclusions
In this contribution, we specify the remaining details for cross-slot scheduling adaptation. In particular, the following are provided:

Proposal 1: For an active DL (UL) BWP with only one configured minimum applicable K0 (K2) value, value 0 of the 1-bit indication for cross-slot scheduling adaptation indicates the configured value, and value 1 of the 1-bit indication indicates no restriction to the active TDRA table.

Proposal 2: For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0(K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP is determined by:
· The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured
· Note: Value 0 of the 1-bit indication indicates the lowest-indexed RRC configured value if two values are RRC configured

Proposal 3: For the case fallback DCI is used, UE applies the restriction previously indicated or, if available, the configured value corresponding to value 0 of the 1-bit indication.

Observation 1: During the ambiguous time due to RRC configuration/reconfiguration, UE behavior is not specified. UE can always perform same-slot buffering so as to decode PDSCH with either same-slot scheduling or cross-slot scheduling.

Proposal 4: To adapt the minimum applicable value of the aperiodic SRS slot offset, defining the minimum applicable value the same as the minimum applicable K2 value when indicated is supported.

Proposal 5: When UE is indicated changing to a larger minimum applicable K0 value by DCI format 1-1 during Active Time, UE applies the target minimum applicable K0 value after UE successfully decodes the scheduled TB by the DCI, subject to a proper application delay.

Proposal 6: For determining the application delay, let Z represent the minimal feasible non-zero application delay and take value of (1, 1, 2, 2) for DL SCS of (15, 30, 60, 120) KHz, respectively.

Proposal 7: The application delay for UE to apply the indicated minimum applicable K0 and K2 values by DCI format 1-1 or 0-1 is defined as X = max(Z, Y) slot(s), where
· Y = [2] + minimum applicable K0 value prior to the indicated change, if Proposal 5 is enforced and UE is indicated to change to a larger minimum applicable K0 value
· Y = 0, i.e., X = Z, otherwise

Proposal 8: UE ignores the 1-bit indication in DCI format 1-1 or 0-1 before applying previous indicated change in the minimum applicable K0 and K2 values.

Proposal 9: RAN1 send a LS to RAN4 for clarification of the following questions:
· Whether and what smaller BWP switch delay(s) should be applied when BWP switch has difference only in TDRA and A-CSI-RS/A-SRS offset settings, maximum MIMO layer number, and/or the parameters related SCell dormancy behaviour.
· Whether and what larger BWP switch delay(s) should be applied when UE is indicated BWP switch under cross-slot scheduling wherein relaxed UE DCI processing timeline is expected.
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