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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 #98b):
Value zero is a valid configuration for the minimum applicable K0/K2 value for the case when two RRC values are configured for the BWP
· Detail RRC configuration design is up to RAN2.

Agreements (RAN1 #98b):
For the purpose RRC configuration design, the configured minimum applicable K0/K2 value(s) are a subset of the possible values for those of the existing K0/K2 parameters 
· FFS the detailed subset of values

Agreements (RAN1 #98b):
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 before the 1-bit indication is received within the BWP is determined by
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured

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


	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

Specification of the minimum applicable K0/K2 value for the BWP without the 1-bit indication received

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, Table 1 summarizes companies’ views for the down selection.

	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 



From Table 1, there are 10, 6 and 1 company supporting, respectively, Option 2, Option 3 and Option 1. Accordingly the following agreement is achieved:


Agreements:
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 before the 1-bit indication is received within the BWP is determined by
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured

FFS Value zero is a valid configuration for the minimum applicable K0/K2 value for the case when two RRC values are configured for the BWP
Given that Option 2 is agreed, it is necessary further to clarify or decide the following:

FFS Value zero is a valid configuration for the minimum applicable K0/K2 value for the case when two RRC values are configured for the BWP

Regarding the previous agreement,
	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:
Value zero is a valid configuration for the minimum applicable K0/K2 value for the case when two RRC values are configured for the BWP
· Detail RRC configuration design is up to RAN2.

[bookmark: _Ref21336489][bookmark: _Ref21336475]Table 1: Companies' views on the minimum applicable K0/K2 value for the BWP without the 1-bit indication received
	T-doc
	Proposal(s)
	Preference
(Option 1/2/3)

	[6]
	[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
	Option 2

	[7]
	Proposal 1: 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, Option 3 is preferred.
	Option 3

	[8]
	Proposal 3: 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:
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured
	Option 2

	[9]
	Proposal 3. 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, the value applied for the BWP should be no restriction.
	Option 3

	[10]
	Proposal 5: If a BWP is activated without a minimum value indication (e.g., BWP inactivity timer expire), the value applied for the BWP is determined by Option 2, i.e.,
· The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured

	Option 2

	[11]
	Proposal 1: 
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:
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured.
	Option 2

	[12]
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: Option2 with configured value for one value and lowest-indexed RRC for two values could be supported.
	Option 2

	[14]
	Proposal 6: For an activated BWP without the 1-bit indication received in DCI for adapting Kmin 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., no restriction for the TDRA table is assumed by the UE. 

	Option 3

	[15]
	Proposal 4: 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, the default will be applied, which is the configured value if one value is RRC configured; the lowest-indexed RRC configured value if two values are RRC configured.

	Option 2

	[16]
	Proposal 4: Support the feature that choice of Option 1, 2, or 3 regarding applying scheduling restriction when UE switches BWP without DCI can be configurable to a UE. 
	Configurable

	[17]
	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:
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured
	Option 2

	[18]
	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, no restriction is assumed until 1 bit indication is received.

	Option 3

	[19]
	Proposal 4: For an activated BWP without the 1-bit indication received in the DCI, the minimum applicable valued of K0(K2) are set to the values that correspond to no restriction to the TDRA tables.
	Option 3

	[20]
	Proposal 4
· If BWP switching happens based on BWP inactivity timer expiration and the target BWP has minimum applicable value configured, then the first entry of the table is applied after BWP switching to the target BWP.
	Option 2

	[22]
	Proposal 2: A default value of K0_min/K2_min can be defined per BWP. After the BWP switch, the UE switches to the default value of K0_min/K2_min for the target BWP.
· Support option 2 for the case of timer-based BWP switching

	Option 2

	[23]
	[bookmark: _Ref21088745][bookmark: _Toc21102621]Proposal 3: For an activated BWP without the 1-bit indication received in DCI, consider further between Option 1 and 2. Option 2 is slightly preferred for consistency across different number of configured values.
	Option 2

	[24]
	Proposal 1: 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,  the value applied for the BWP is determined by:
· No restriction if one value is RRC configured;
· The lowest-indexed RRC configure value if two values are RRC configured.
	Option 1

	[25]
	Proposal 3: In case of BWP switching without the 1-bit indication received in DCI in source BWP for adapting the minimum applicable value of K0/K2, UE assumes no restriction. 
	Option 3





Specification of the 1-bit indication for BWP with one RRC configured value

The presence of the 1-bit indication [8]
Whether the 1-bit indication is always present in the DCI if any BWP is configured with the restriction?
Yes:
No:


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?

For a consistent indication design as in Section 2.1, we can treat the configured value in the case of one configuration as the lower-indexed configured value. Therefore, the following proposal is suggested:

Proposal
For an active DL (UL) BWP with only one RRC configured minimum applicable K0 (K2) value, value 0 of the 1-bit indication in scheduling DCI format 1-1 (0-1) indicates the configured value, and value 1 indicates no restriction to the active TDRA table.


[bookmark: _Ref21891525]Table 2: Meaning of value 0 of the 1-bit indication for cross-slot scheduling adaptation
	T-doc
	Proposal(s)
	Preference
(Value 0 as …)

	[6]
	[bookmark: _Ref21120265]Proposal 4: 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.
	the configured value 

	[10]
	Proposal 3: Based on the configuration of minimum K0/K2 for a BWP, we have following proposals.
· The bit size of the minimum K0/K2 information field could be 0 or 1 and determined by the RRC configuration.
· When there is one RRC configured minimum value, the one bit is used to enable the configured minimum K0/K2 value.
· When there are two RRC configured minimum values, the code point of m indicates a minimum K0/K2 with a row index m+1 in the RRC configured list.

Proposal 4: In the case of cross-BWP scheduling, apply the truncation or zero-padding procedure same in Rel-15 to interpret the minimum K0/K2.
· If the source BWP is configured with one or two minimum values, while the target BWP has no minimum value, UE needs to truncate the information field. 
· If the source BWP has no minimum value, while the target BWP is configured with minimum value, zero-padding is needed. And the minimum value indicated by the padded“0” is used to restriction the DL/UL transmission.
	Different mapping designs for same-BWP scheduling and cross-BWP scheduling cases

	[16]
	Proposal 1: 
· Bit value 0 of the field indicates lowest indexed value if two values are configured or no restriction (i.e., value 0) if one value is configured for K0/ K2. 
· Bit value 1 of the field indicates highest indexed value for K0/ K2. 
	No restriction

	[18]
	Proposal 1: If only one value is configured by RRC, bit “1” signifies the configured value and bit “0” means no restriction.
	No restriction

	[20]
	[bookmark: _Ref20409779]Table 1 Example of minimum applicable value table with one RRC configured values mapped to the first entry (Option 1)
	bit value
	meaning

	0 (default)
	configured (K0_min, K2_min)

	1
	No Application



[bookmark: _Ref20414324]Table 2 Example of minimum applicable value table with one RRC configured values mapped to the second entry (Option 2)
	bit value
	meaning

	0 (default)
	No Application

	1
	configured (K0_min, K2_min)


Proposal 5
· When one minimum applicable value is configured, it can be mapped to either the first (default) entry or second entry of the table.
	Configurable




Details of the joint indication design [8]
	It was agreed that one or two configured values are configured by RRC for the restriction to the active TDRA table. The RRC configuration was agreed per BWP configured. However, the uplink BWP and downlink BWP may not be always switched together, e.g. for the paired spectrum, it is allowed that the DL BWP changes independently with the UL BWP switching. This needs to be considered in the design of joint indication. We have some analysis in our contribution R1-1910077, which is summarized in the following table. Can we include this topic in your summary for discussion in the next week or at least clarify which alternative is the common understanding from companies regarding the joint indication?



	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.


Conclusion (for joint indication)
· If only DCI format 1-1 (0-1) with the 1-bit indication is received, UE will apply the 1-bit indication to the active UL (DL) BWP.
· If both DCI format 1-1 and format 0-1, UE will apply the 1-bit indications to the active DL BWP and UL BWP, respectively.
UE behavior when an invalid TDRA entry is indicated

Enabling Power Saving Gain with Cross-Slot Scheduling Adaptation

Joint adaptation on A-SRS slot offset
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. In Table 3, companies views on inclusion of A-SRS slot offset in the adaptation are summarized. Since there are 11 out of 20 companies express their consistent view (supporting inclusion of A-SRS in cross-slot scheduling adaptation), the following proposal is suggested: 

Proposal
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.

[bookmark: _Ref21336563]Table 3: Companies' views on inclusion of A-SRS slot offset in the adaptation
	T-doc
	Proposal(s)
	Preference 
(Include A-SRS?)

	[6]
	[bookmark: _Ref21120284]Proposal 5: 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.
	yes

	[11]
	Proposal 7: Restrict A-SRS triggering offset to be no shorter than minimum K2 in Rel-16, when minimum K2 is configured.
	yes

	[13]
	Proposal 6: UE associate a larger SRS triggering offset in UE power saving state/mode.
	yes

	[16]
	Proposal 3: Support implicit indication of A-SRS by defining the minimum applicable value the same as the minimum applicable value of K2.
	yes

	[17]
	Proposal 3:  The minimum applicable aperiodic SRS slot offset is equal to the minimum applicable K2 value.
	yes

	[19]
	Proposal 1: Adaptation of the minimum applicable value of the aperiodic SRS triggering offset is supported.
Proposal 2: The minimum applicable value of the aperiodic SRS triggering offset is determined implicitly from the minimum applicable value of K2.
	yes

	[20]
	Observation 2
· If A-SRS slot offset is configured to be larger than the minimum applicable values for K0/K2, PDCCH decoding could be relaxed without missing A-SRS request indication.
	yes

	[21]
	[bookmark: _Toc21115128]For each CS-enabled BWP, set the slot-offset for aperiodic SRS to be the same as the minK2 value. 
	yes

	[22]
	Proposal 8: K2_min is the minimum applicable A-SRS triggering offset. The triggered SRS is not transmitted if the corresponding slotOffset parameter is smaller than K2_min
	yes

	[23]
	[bookmark: _Toc21102620]Observation 9: The specification work to extend minimum scheduling offset signaling to A-SRS triggering offset is straight-forward and should be adopted. 
	yes

	[25]
	Proposal 6: Support applying dynamically adapted minimum scheduling for A-SRS.
Observation 1: Straightforward solution would be where the UE determines minimum scheduling offset for A-SRS resource set being indicated minimum applicable value + the configured slot offset. 
	yes


Cross-slot scheduling adaptation during Active Time
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. In Table 4, companies’ views on cross-slot adaptation during Active Time are summarized.

Since there are only 3 companies suggesting different designs for indication for applying cross-slot scheduling for data inactivity, we suggest deprioritizing this topic.

[bookmark: _Ref21336765]Table 4: Companies’ views on cross-slot adaptation during Active Time
	T-doc
	Proposal(s)
	Preference

	[6]
	[bookmark: _Ref21115882][bookmark: _Ref21115866][bookmark: _Ref21123832]Proposal 6: 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.
	

	[10]
	Proposal 11: The minimum value can be indicated by non-fallback DCI without data scheduling.
	

	[16]
	Proposal 9: An inactivity timer can start after a scheduling DCI adapts minimum applicable value of K0/K2. UE falls back to default value, if provided, when timer expires.
	



Enlarging PDCCH monitoring periodicity along cross-slot scheduling 
Along with cross-slot scheduling, some companies proposed to also extend PDCCH monitoring periodicity. In Table 5, companies’ views on enlarging PDCCH monitoring periodicity along cross-slot scheduling are summarized.

Since there are only 4 companies expressed their views for bundling larger PDCCH monitoring periodicity with cross-slot scheduling, we suggest deprioritizing this topic.



[bookmark: _Ref21336975]Table 5: Companies' views on enlarging PDCCH monitoring periodicity along cross-slot scheduling
	T-doc
	Proposal(s)
	Preference

	[10]
	Proposal 14: The necessity to extend PDCCH monitoring periodicity to the minimum K0/K2 value needs further discussion.
	no

	[13]
	Proposal 4: In power saving mode, The UE specific PDCCH search space monitoring periodicity can be restricted to multiple of (min(k0)+1).
The switching of cross-slot scheduling can be associated with adaptation of PDCCH search space monitoring periodicity.
	yes

	[14]
	Proposal 19: Support joint adaptation on minimum K0/K2 and PDCCH skipping if the UE is operated with cross-slot scheduling based power saving.
	yes

	[18]
	“…So, for maximizing power saving gain by minimum K0, it should be guaranteed that monitoring periodicity of SS sets is larger than minimum K0.”
“ … If the number of configured search space sets is only one, some techniques (e.g., monitoring periodicity adaptation, monitoring occasion skipping) can be considered.”
	yes




 Specification of the Application Delay
First we consider the following reference for deciding the application delay [4]:
	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




Proposal
For same-carrier scheduling case and for the active DL BWP and the 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 = min(max(Y, Z), W)
· Y is the minimum applicable K0 value prior to the indicated change
· Z, representing the smallest feasible non-zero application delay, is (1, 1, 2, 2) for DL SCS of (15, 30, 60, 120) KHz, respectively
· W, representing the upper bound on application delay, is ([2], [2], [4], [4]) for DL SCS of (15, 30, 60, 120) KHz, respectively

FFS: The case of cross-carrier scheduling, focusing on the determination of Y value
· Note: Determination of Y value requires support for potential conversion of the minimum K0 from the PDSCH numerology to the PDCCH numerology: 
· Y = 
Where  is the current minimum K0 value prior to the indicated change;  is the PDSCH numerology of the current DL BWP on the scheduled carrier in case it is different from , i.e. the scheduled PDSCH numerology, due to a DL BWP change
Specification of the smallest feasible non-zero application delay
Z value, presenting the smallest feasible non-zero application delay, can be decided first. In Table 6, companies’ views on Z value are summarized. From the summary, the following proposal is suggested for further discussion:

Further discussion on
· (1, [1], [2], [2]) for DL SCS of (15, 30, 60, 120) KHz
· Note type-1 delay for general BWP switch is (1, 2, 3, 6) for (15, 30, 60, 120) KHz SCS
· Two possible ways toward final application delay:
· X = Z
· X = max(Y, Z)

[bookmark: _Ref21337191]Table 6: Companies' views on the smallest feasible non-zero application delay (Z value)
	T-doc
	Proposal(s)
	Preference

	[6]
	[bookmark: _Ref21123843]Proposal 7: 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.
	(1, 1, 2, 2)

	[7]
	[bookmark: OLE_LINK15][bookmark: OLE_LINK18][bookmark: OLE_LINK12]Proposal 2: For 60KHz PDCCH SCS, the smallest feasible non-zero application delay should be 2 slots.
Proposal 3: For 120KHz PDCCH SCS, the smallest feasible non-zero application delay should be 3 slots.
	(1, 1, 2, 3)

	[8]
	Proposal 5: For the scenario without cross-BWP or cross-carrier scheduling, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot n+X for K0 or K2, with X=max(Y, Z), where Y is the minimum K0 or K2 prior to the DCI-indicated value change, respectively, and Z is listed in the following Table.
	
	Z

	0
	1

	1
	1

	2
	2

	3
	2



	(1, 1, 2, 2)

	[11]
	Proposal 4:
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n for scheduling cell 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 𝑛’ for K0 on scheduled cell, or slot  𝑛’’ for K2 on scheduled cell, 
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where,
· X = max(Y, Z)
· Y is the minimum applicable K0/K2 value prior to the indicated change
· Z = [2] for [SCS=120k] and [1] for other SCS for [DL and UL]
· W is the symbol index of PDCCH in the slot

	(1, 1, 1, 2)

	[16]
	Proposal 6: Support Z value of (1, 1, 2, 2) slots for SCS (15, 30, 60, 120) KHz
	(1, 1, 2, 2)

	[6]
	“… Z, presenting the smallest feasible non-zero application delay, is (1, 1, [2], [2]) for DL SCS of (15, 30, 60, 120) KHz, respectively 
We basically support this proposal,…”
	(1, 1, 2, 2)

	[20]
	Proposal 1
· NR supports the Z=(1,2,4,8) for SCS=15,30,60,120kHz.
	(1, 2, 4, 8)

	[22]
	Proposal 3: Assuming few symbols for change of power state, Z<=2 for 60KHz/120KHz SCS.
Observation 2: Depending on UE capability discussion for multi-TRP operation (in terms of PDCCH processing capability), Z could be larger than 1 slot.
Proposal 4: If merits of applying cross-slot scheduling for the case of cross-carrier scheduling with different numerologies are shown, Z=2-3 slots in the numerology of the scheduling cell seems sufficient.

	

	[25]
	Proposal 7: Support conclusion with Z=1 for 15, 30 and 60 kHz SCS and Z=2 for 120kHz SCS.
	(1, 1, 1, 2)



Additional consideration of processing timeline
To determine the application delay, the reference considers DCI processing time relaxation with larger K0 values, using the term Y value. In Table 7, companies’ views on Y value are summarized. In principle, the value of Y is to consider relaxed processing timeline when the minimum applicable K0 and K2 values are set larger. To accomplish the application delay design, further discussions are suggested:

Further discussion on 
· Defined in scheduling cell/BWP or scheduled cell/BWP
· Whether and how to resolve the mis-alignment issue due to missing the change indication
· Whether and how to confine the application delay by a proper design on Y value

[bookmark: _Ref21337428]Table 7: Companies' views on additional processing timeline consideration (Y value)
	T-doc
	Proposal(s)

	[6]
	[bookmark: _Ref21123848]Proposal 8: 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

	[8]
	“Another way is to determine the application delay based on the formula in the case when the minimum K0 switching is triggered by DCI. For example, for timer based BWP switching there is no DCI decoding, then  can be reused where .”

	[12]
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal2: The effective time for 1-bit indicator in the DCI for dynamic switching of minimum application value K0/K2 is set to be a fixed time.  gNB should not set the K0/K2 value smaller than previous minimum applicable K0 or K2 value before ACK or NACK is received for the PDSCH to avoid DCI miss-detection issue.

	[16]
	Proposal 7: Support  when Y => Z, otherwise X = Z

	[23]
	For a DL (or UL) scheduling DCI that indicates an update to the minimum scheduling offset(s) for an active DL BWP and/or an active UL BWP, the earliest slot that can be scheduled based on the updated minimum scheduling offset(s) is n’+X, where:
· X = max(Y, Z) + A
· Y is the current minimum K0 (or K2); A is the updated minimum K0 (or K2)
· FFS: Whether to jointly consider minimum K0 and K2 for determining Y
· Z, is a value that ensures the overall application delay is not too small; The value can be (1, 1, [2], [2]) for SCS of (15, 30, 60, 120) KHz, respectively
· n’ is defined to be the slot index in the numerology of the scheduled transmission, its relationship to the slot index in the scheduling PDCCH numerology can be found in 38.214 Section 5.1.2.1 and Section 6.1.2.1, expressed here for clarity:
· n’ =   for DL scheduling
· n’ =   for UL scheduling
· where Slot n is the slot with the scheduling DCI indicating the minimum scheduling offset(s) change.





The 1-bit indication during the application delay
According to the following agreement, UE can still receive the scheduling DCI during the application delay. Whether and how the 1-bit indication is interpreted during application delay requires specification. In Table 8, companies’ views are summarized. From the summary, the following are suggested:

Proposal
UE is not expected to receive a different value in the 1-bit indication before the previous indicated minimum applicable K0 and K2 values are applied.


Conclusion
To avoid mis-alignment between gNodeB and UE in the applied minimum applicable K0 and K2 values, gNodeB can keep the same value for the 1-bit indication before receiving UE response w.r.t. the scheduling DCI of a change indication to the minimum applicable K0 and K2 values.



[bookmark: _Ref21337670]Table 8: Companies' views on the 1-bit indication during the application delay
	T-doc
	Proposal(s)

	[6]
	[bookmark: _Ref21123854]Proposal 9: 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.

	[8]
	Proposal 9: UE is not expected to be indicated a different minimum K0/K2 value before the prior minimum K0/K2 indication takes effect.
Proposal 10: Before the prior minimum K0/K2 indication takes effect, if the latter indication is the same as the prior indication, the application delay is determined by the prior indication.
Proposal 11: Before the prior minimum K0/K2 indication takes effect, if it is agreed that a latter indication with different value can replace the priori indication, the application delay needs to be carefully discussed with the consideration of UE implementation complexity.

	[14]
	Proposal 11: UE ignores the 1-bit indication for Kmin value before applying previous indicated change. The UE is provided the exact time information where the UE can or cannot ignore the Kmin indication by higher layer signalling.

	[16]
	Proposal 8: No restriction in the indication of minimum applicable value during application delay should be supported.

	[17]
	Proposal 1: During a switch between cross-slot scheduling parameters, the UE ignores the 1-bit indication before applying the previously indicated change.

	[19]
	[bookmark: _Hlk21089976]Proposal 6: UE ignores the 1-bit indication before applying previous indicated change.

	[20]
	Proposal 6
· For scheduling DCIs received during the minimum applicable value switching duration, UE is not supposed to be indicated a new minimum applicable value which is different from most recently received new value which initiated switching.
· From UE perspective, the minimum applicable value switching is triggered by the first 1 bit indication which indicates the different minimum applicable value from the current minimum applicable value.

	[23]
	[bookmark: _Toc21102631][bookmark: _Hlk21045541]Proposal 10: UE does not expect to receive another indication of minimum scheduling offset change in a scheduling DCI for the same active BWP before the confirmation of the reception of a previous indication of minimum scheduling offset change. If the previous change indication is carried in a DL scheduling DCI, the confirmation happens when HARQ-ACK for the scheduled PDSCH is sent. If the previous change indication is carried in a UL scheduling DCI, the confirmation happens when the scheduled PUSCH is sent.

	[25]
	Proposal 8: UE does not need to expect change in minimum applicable value before the application delay of previous adaptation has passed. 






How to apply the current minimum scheduling offsets (i.e. minimum K0 / K2) to scheduling that triggers BWP switch
· Based on Rel-15 spec, active BWP is considered switched to the target BWP at the indicated k0 or k2 slot for cross-BWP scheduling that triggers BWP switch.
· Before the active BWP is switched to the target BWP, the current minimum scheduling offsets still apply.
· However, if the target BWP has a different numerology than the currently active BWP, whether numerology conversion is performed before applying to the indicated K0 / K2 for the target BWP.
· This has some relationship to BWP switch delay impact discussion, but RAN1 should discuss and agree on some basic principles and/or requirements and inform RAN4.
 

	T-doc
	Proposal(s)

	[8]
	Proposal 8: The BWP switching delay needs to cover the relaxed minimum applicable K0/K2 due to the relaxed PDCCH processing.

	[13]
	Proposal 2: Considering BWP switching together with cross-slot switching, it doesn’t take different SCSs into account. The minimum Ks will be configured for each BWP and be applied in number of slots under the earlier BWP’s SCS during the transition time. Considering cross-carrier scheduling together with cross-slot switching

	[14]
	Proposal 4: For active BWP, the UE does not expect to be indicated with Kmin value larger than all K0/K2 values. For an inactive BWP, if there is no valid entry after applying the Kmin value, the UE does not expect to be switched to the inactive BWP. 
Proposal 12: A UE does not expect to detect a DCI format 1_1/0_1 indicating BWP change with the corresponding TDRA field providing a slot offset value for a PDSCH/PUSCH that is smaller than T + Tbwp where T is an application delay for cross-slot scheduling and Tbwp is a delay required by the UE for an active BWP change.

	[21]
	[bookmark: _Toc21115137]“the UE should be able to switch and start receiving the PDSCH in the new BWP as long as the K0 value satisfies the minK0 value…” 
Observation 1: Additional delay to BWP-switch due to the implementation of CS feature is not required though the same gap between PDCCH end and 1st symbol of PDSCH can be applicable across BWP switching.

	[22]
	“If the UE supports active BWP change via DCI, since before decoding the DCI, the UE does not know if BWP is going to be changed or not, the latest (K0_min,K2_min) on the BWP on which DCI is received is applied to the scheduled transmission on the target BWP, respecting the BWP switching delay and any scaling due to SCS.”

	[23]
	For BWP switching, the minimum DL (or UL) scheduling offset for the current BWP should be applied for the K0 (or K2) indicated in the cross-BWP scheduling DCI. For the case that the numerology of the current BWP and that of the target BWP are different, the minimum scheduling offset value (X) for the current BWP should be converted to the numerology of the target BWP (based on ) and applied to the K0 (or K2) indicated in the cross-BWP scheduling DCI that triggers the BWP switch.






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 [5] 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 [4]. It is also necessary to request RAN4 check on the impact of cross-slot scheduling to BWP switch delay.

For the LS to RAN4, Table 9 summarizes companies’ views, and further discussion on the LS is suggested:

Further discussion on 
Whether and what to send RAN4 a LS related to Rel-16 cross-slot scheduling adaptation, including 
· Application delay specification in RAN1 and the potential reduction in BWP switch delay for the case only there are only changes in TDRA, A-CSI-RS trigging offset and A-SRS slot offset settings
· Joint consideration with adaptation to maximum MIMO layer number and SCell dormancy behavior [5] is expected.
· The impact of cross-slot scheduling to BWP switch delay.

[bookmark: _Ref21337788]Table 9: Companies' views on the LS to RAN4 related to cross-slot scheduling
	T-doc
	Proposal(s)

	[6]
	[bookmark: _Ref21123859]Proposal 11: 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.

	[10]
	Proposal 12: Send an LS to RAN4 to check on the impact of cross-slot scheduling with relaxed PDCCH processing time on BWP switch delay and whether or not the BWP switch delay can be extended if there is an impact.

	[23]
	[bookmark: _Toc21102626]Proposal 12: With the cross-slot scheduling power saving feature, non-zero minimum scheduling offset is supported. Send LS to RAN4 informing them of the potential range of the minimum scheduling offset, and ask them for their assessment on the potential impact to BWP switch delay, and consider it in their specification work.







RRC Parameter Related Designs
Range of the RRC configured minimum applicable K0/K2 value
Agreements:
For the purpose RRC configuration design, the configured minimum applicable K0/K2 value(s) are a subset of the possible values for those of the existing K0/K2 parameters 
· FFS the detailed subset of values

Proposal
For the RRC configuration, the configured minimum applicable K0/K2 value(s) take integer value(s) in the range from 0 to [16].

[image: ]


RRC-based UE signaling
Proposal
[bookmark: _GoBack]UE higher layer signalling (detailed mechanisms up to RAN2) of suggested minimum applicable value(s) for K0/(K2 or N2) for applying cross-slot scheduling is supported with the following requirements:
· Suggested value(s) cover all possible SCS cases
· Each suggested value is in the range from 1 to [8] (slots), assuming same-carrier scheduling 
· Note: For the case of cross-carrier scheduling, it is beneficial for UE power saving to align the configured minimum applicable K0 and K2 values of the scheduling cell and those of the scheduled cell for cross-slot scheduling.




Others

1. Additional exceptional cases [18]:
If a UE monitors (SI, RA, P)-RNTI on Type(0,0A,1,2) CSS using default PDSCH TDRA table, the adaptation on the minimum applicable value of K0 cannot be applied because mostly all K0 values in default TDRA table is 0. For this reason, it was agreed when a UE monitors SI-RNTI in Type0&0A CSS, RA-RNTI & TC-RNTI in Type1 CSS, and P-RNTI in Type2 CSS, the adaptation on the minimum applicable value of K0 cannot be applied. And exceptional cases and handling method for monitoring C-/CS-/MCS-C-RNTI are still FFS.
Regarding C-RNTI, CS-RNTI, and MCS-C-RNTI, following is described in TS38.213; 

	If a UE is provided 
· one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSapce, ra-SearchSpace, and 
· a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, 
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI.



Considering previous agreement and specification description, for C-, CS-, and MCS-C-RNTI, it is natural that the adaptation on the minimum applicable value of K0 is not applied, if the RNTIs are monitored in Type0, 0A, 1, and 2 CSS. 
To be more accurate, if there is RRC configured TDRA table (e.g., pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon), minimum applicable K0 value may be applied. So, as an another solution, it can be considered that the adaptation on the minimum applicable value of K0 is not applied when “default TDRA table” is assumed for PDSCH scheduling for C-, CS-, and MCS-C-RNTI. In conclusion, one of the following options can be selected for the exceptional case;

	For C-, CS-, or MCS-C-RNTI monitored in Type0, 0A, 1, or 2 CSS;
· Option 1: the adaptation on the minimum applicable value K0 is not applied to corresponding PDSCH TDRA
· Option 2: the adaptation on the minimum applicable value K0 is not applied, if default TDRA table is assumed


  


 Conclusions
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