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Introduction
In the RAN1 #98 [1] meeting, the following was agreed on the procedure of cross-slot scheduling power saving techniques: 
	Agreements:
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
· FFS whether to have joint or separate indication for DL & UL
Agreements:
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:
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 
Agreements:
· 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:
· 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




This contribution provides our views on the remaining design issues to achieve improved UE power saving with cross-slot scheduling.
Discussion
Specification of joint Indication of minimum applicable value of K0/K2
In RAN #98, it has been agreed that the 1-bit indication in DCI format 1_1 and/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 an application delay.
Both DCI formats 0_1 and 1_1 should have the 1-bit configurable field. It is inflexible at least from network perspective to rely on either one of 0_1 or 1_1 DCI format. Moreover, there can be data inactivity for a period either in DL or UL. If both DCI formats include the configurable field, a better trade-off between power saving and scheduling flexibility can be achieved based on traffic activity in either direction.
The minimum applicable values K0 and K2 are configured through different RRC parameters per DL and UL BWP, respectively, and jointly indicated. A table with two rows with each row corresponding to a set of K0_min and K2_min can be constructed. 1-bit indication in DCI is used to select one set (i.e. one row from configured table) depending on data traffic and UE power saving requirements. The 1-bit indication then jointly indicates the minimum values (K0_min, K2_min), cf. Table 1.  If one RRC value is configured for K0_min/K2_min, 1-bit indication value= 0 implies no restriction and bit value = 1 implies configured restriction. In case of two RRC configured values, lowest (highest) indexed K0 and K2 are paired, and bit = 0 (bit = 1) indicates lowest (highest) indexed values.
                           Table 1: Mapping of bit value 
	Bit value
	Indicated value of K0_min
	Indicated value of K2_min

	0
	lowest indexed minimum value of K0 if two values are configured or no restriction (i.e., 0) if one value is configured, 
	lowest indexed minimum value of K2 if two values are configured or no restriction (i.e., 0) if one value is configured,

	1
	highest indexed minimum value of K0
	highest indexed minimum value of K2



                           


It is possible that UE may have one or more BWPs where configuration of minimum applicable value of K0/K2 available, whereas some other BWPs may not have such configuration. In our view, the presence of 1-bit field in the DCI can be explicitly indicated via RRC signaling. Alternative proposals include that a field can be assumed to be present when at least one BWP has minimum applicable value of K0 or K2 configured. In our view, motivation for application of the bit field for scheduling restriction when UE switches BWP is not clear. Target BWP may or may not have any configured value, and may be larger or smaller than BWP where scheduling DCI was received. Explicit signaling per BWP may better handle traffic activity within an active BWP, i.e., bit field applies to adaptation in same BWP only.  
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. 

Proposal 2: The presence of bit field in the DCI to adapt minimum applicable value in the DCI is indicated to the UE via explicit RRC signaling. 

A-SRS
Similar to DL, where minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP is identified to be same as the minimum applicable K0 value, the minimum applicable value of the aperiodic SRS offset can be same as indicated minimum value of K2. Having A-SRS offset value less than indicated minimum value of K2 reduces time for micro-sleep and potentially increase UE power consumption. Therefore, considering minimum applicable value for A-SRS slot offset to be the same as minimum value of K2 ensures the UE will not have to wake up to transmit A-SRS before transmission occasion of PUSCH. 
Proposal 3: Support implicit indication of A-SRS by defining the minimum applicable value the same as the minimum applicable value of K2.
Cross-BWP adaptation 
BWP switching without DCI
In RAN #98, it has been agreed 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., and 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
One example of BWP switching is when UE switches to default BWP upon BWP timer expiration. While scheduling restriction aids in UE power saving, however, it also impacts scheduling flexibility. Option 2 provides most restriction with highest possibility of power saving, whereas Option 3 offers no restriction meaning maximum flexibility. In our view, Option 1 provides best trade-off in terms of scheduling flexibility and UE power saving and should be preferred. 
Moreover, one UE may support only latency tolerant traffic type, whereas another UE may support both latency tolerant and latency critical traffic. Adopting one option of the three and applying this to all kinds of UE may not provide best outcome tailored to a UE. Hence, we propose whether to apply restriction or no restriction after UE switches BWP based on expiration of BWP inactivity time can be configurable to a UE.
Observation 1: Regarding applying scheduling restriction when UE switches BWP without DCI, Option 1 provides the best trade-off in terms of UE power saving and scheduling flexibility.
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. 

DCI Based BWP switching 
In our view, most common use case of DCI based BWP switching is when there is traffic activity and there is a need to change BWP. Hence, motivation is less to apply scheduling restriction to the target BWP. For example, if scheduling restriction is applied, retransmission may be quite delayed in the switched BWP, causing UPT loss. If there is a need, gNb can send scheduling DCI in new BWP to adapt minimum applicable value in the current BWP.
Proposal 5: If DCI indicates DL BWP switching, no scheduling restriction is assumed in the target DL BWP and UE ignores in the indication of the bit field, if present, for adapting minimum value of K0/K2.

Application Delay
In RAN1 97, the following conclusion was reached to calculate the application time:
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 stands for the minimal processing time for UE to extract the DCI information. In our view, value of Z to be (1, 1, 2, 2) for DL SCS of (15, 30, 60, 120) KHz, respectively, seems sufficient, taking typical DCI processing time and slot length of different SCS into account.  On the other hand, two options have been considered for choice of X 
Option 1: X=max(Y, Z)
Option 2: X= Z
In option 1, max value helps to achieve relaxed UE processing timeline which is beneficial for UE power saving. However, with large values of Y (in slots), the length of application delay X (in slots) increases and can affect scheduling flexibility quite a bit. In case of option 2, maximum scheduling flexibility is achieved at the expense of UE power consumption. In our view, to achieve better trade-off between UE power saving and scheduling flexibility, the average of the values provided by the two options may be preferred. 
Proposal 6: Support Z value of (1, 1, 2, 2) slots for SCS (15, 30, 60, 120) KHz
Proposal 7: Support  when Y => Z, otherwise X = Z
Moreover, it has been discussed during RAN1 98 that during application delay, whether to apply any restriction that UE does not expect DCI would indicate a different minimum applicable value. In our view, such restriction is not necessary and may potentially limit the flexibility to adapt minimum value urgently, if required, e.g., for a UE supporting multiple traffic types. 
[bookmark: _GoBack]Proposal 8: No restriction in the indication of minimum applicable value during application delay should be supported.

Cross-Carrier Scheduling
In cross-carrier scheduling, different carriers may have active BWPs with different SCS.  Independent minimum applicable values for K0/K2 can be configured for the BWPs of different carriers. Similar to the arguments made above in case of BWP switching, if scheduling DCI indicates cross-carrier scheduling, we propose that no restriction is assumed in the scheduled DL BWP in the indicated carrier.

Power saving during Inactivity   
Adaptation to cross-slot scheduling during active time is indicated by scheduling DCI. During inactivity, there is no scheduling DCI. An inactivity timer can be configured that starts/restarts every time a scheduling DCI adapts the minimum applicable value. Upon expiry of the timer, UE can fall back to the default value, which can be the lowest indexed value if two configurations are provided. 
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.
1. 
0. 
Conclusion
In this contribution, we discuss about the design for cross-slot scheduling power saving techniques. Based on the discussions, we make the following observation and proposals:

Observation 1: Regarding applying scheduling restriction when UE switches BWP without DCI, Option 1 provides the best trade-off in terms of UE power saving and scheduling flexibility.
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. 

Proposal 2: The presence of bit field in the DCI to adapt minimum applicable value in the DCI is indicated to the UE via explicit RRC signaling. 

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

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. 

Proposal 5: If DCI indicates DL BWP switching, no scheduling restriction is assumed in the target DL BWP and UE ignores in the indication of the bit field, if present, for adapting minimum value of K0/K2.

Proposal 6: Support Z value of (1, 1, 2, 2) slots for SCS (15, 30, 60, 120) KHz
Proposal 7: Support  when Y => Z, otherwise X = Z.

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

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.
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