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1		Introduction
This document discusses remaining aspects related to cross-slot scheduling techniques including signaling details and handling transitions between cross-slot and same slot operation. 
2	Discussion
2.1 Signaling Aspects
In RAN1#98, following agreement was made regarding the minimum applicable value of K0(or K2) of cross-slot scheduling power saving technique.
Agreements:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
· FFS: Direct assignment of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s), and/or implicit indication.
· FFS: How the indicated minimum applicable value is applied to the selection of a DL (UL) TDRA entry. Example directions include at least the following:
· Excluding the invalid TDRA entries
· Re-interpret the selected K0 (K2) value
[bookmark: _GoBack]
According to the evaluations shown during the SI, most power savings gain with cross-slot scheduling are achieved with a smallest minimum offset value i.e. k0 = 1. Thus, UE can save power by being in cross-slot state during inactivity and transition to same-slot state for active data tx/rx. The minimum applicable value of k0 should be configured by the gNB, based on e.g. UE-capability or UE assistance. The configuration should be separate for each pair (scheduling cell, scheduled cell) in case of cross-carrier scheduling.  
[bookmark: _Toc16886927]Support per-BWP configuration of a minimum applicable value for K0 for DL (or K2 for UL).
In RAN1#98, following agreement was made regarding the indication of cross-slot scheduling power saving technique.
Agreements:
The indication of at least one power saving technique(s) is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), if any, and/or repurposing the existing field(s), if identified, when UE is in the Active Time.     
· It applies to UE-specific search space.  
· It is FFS for the common search space.
· The at least one power saving technique(s) includes at least “Cross-slot scheduling”
· FFS: Which existing DCI formats includes the power saving information
· Whether power saving information is not included in the fallback DCI(s) (e.g., DCI format 0_0, DCI format 1_0)
· Use of non-scheduling DCI formats.
· It is FFS which field(s) is used to be repurposed for the indication of the power saving technique if the repurpose of existing field(s) is used.
· FFS: New DCI format with size aligned with existing DCI format

Regarding DCI payload, we think that an extra new field in the scheduling DCI should be used for this purpose. Since the field is to indicate whether the min K0 value is applicable or not, a single bit in the DCI should be enough. 
Regarding applicability to CSS, we don’t see a strict need for using the common search space as CSS is used for fallback operation (including size matching with broadcast RNTIs). 
Regarding the DCI formats in which the field is present, allowing inclusion of the field in both non-fallback DCI and fallback DCI can provide more flexibility to the scheduler. The DCI formats in which the field is present should be left as a NW choice via configurability. 
[bookmark: _Toc16886928]A new 1-bit field  is introduced in DL (or UL) scheduling DCI format(s) in USS for the purpose of L1 signaling indicating minK0/minK2 restriction or not on DL (or UL). 
[bookmark: _Toc16886929]Support higher layer configuration to indicate whether the new field is present only in non-fallback DCI, or fallback DCI or both.  

In RAN1#98, following agreement was made regarding the applicability of the indication.
Agreements:
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) 

The UE should follow the value indicated by TDRA if the value is consistent with the UE expectation. i.e., if UE is in cross-slot scheduling state, it does not expect to receive any TDRA indication where indicated K0 < K0_min. If UE is not in cross-slot scheduling state, it follows the TDRA indication for data tx/rx. 
2.2 Handling transitions between cross-slot and same-slot states
When cross-slot scheduling is configured, UE behaviour can be characterized by two different states (cross-slot and same-slot) and according to current agreements switching between the two states is at least enabled by a new 1 bit field (cross-slot indicator field or CSIF). From a specification perspective, it is important to cover UE behaviour for all the below cases.

1. Slots where UE detects DCI with CSIF set to 0 (i.e., indicating no minK0 restriction)
2. Slots where UE detects DCI with CSIF set to 1 (i.e., indicating minK0 restriction)
3. Slots where no DCI is detected
4. Transition slots during same-slot to cross-slot application delay (if any)
5. Transition slots during cross-slot to same-slot application delay

For these cases, UE can be in one of the two states 
A. Cross-slot scheduling state (CS): i.e., UE does not expect the k0 in TDRA allocation to be less than the configured minK0 value
B. same-slot scheduling state (SS): i.e., no restriction on k0 in TDRA allocation 

It should be noted that not all slots where CSIF=0 is received will be slots with SS (e.g. type5 slots mentioned above). Also, UE may be in CS state in not just slots where CSIF=1 is received but also other slots (e.g. any of type1,2,3,5 slots can be CS). In addition to this, other conditions such as ongoing retransmissions during state transitions, missed DCI detections by the UE etc. also must be considered. 

Considering the above aspects, we propose the following general principles for handling transitions between different states

· When UE is in CS state and detects DCI with CSIF=0 in slot n, it continues to be in CS state at least until slot n+Y
· Y is the CS to SS application delay to allow for UE HW/SW adaptation (this can be the minK0 value configured by RRC)
· Within slots n to n+Y, UE will be in CS state but one of a) no DCI, b) CSIF=0, c) CSIF=1 is possible. The resulting UE behaviour for ‘a’ and ‘b’ is clear but for ‘c’ whether CS to SS state transition is retained or cancelled may have to be clarified.
· When UE is in SS state in slot n, it continues to be SS state for at least X more slots unless DCI with CSIF=1 is detected.
· X is configured by RRC.
· gNB can configure X to be at least large enough to cover any HARQ retransmission delays for data scheduled during SS state (as shown in figure 1 below)

To trigger SS to CS transition, the NW must always schedule at least one transmission with CSIF=1 (i.e., with extra delay), or send a dummy PDCCH with CSIF=1. Both are undesirable especially for cases with frequently occurring small data bursts. To avoid this, UE can be made to transition to CS state if does not detect a DCI with CSIF=0 for X slots. This also helps with UE power consumption as it sets the default state to be low power CS state when UE is configured in cross-slot scheduling mode.
Based on the above discussion, we propose the following
[bookmark: _Toc16886930]Following is supported for UE configured with cross-slot scheduling
a. [bookmark: _Toc16886931]When UE is in cross-slot (CS) state and detects DCI with cross-slot indication field (CSIF)=0 in slot n, it continues to be in CS state at least until slot n+Y
b. [bookmark: _Toc16886932]When UE is in SS state in slot n, it continues to be SS state for at least X more slots unless DCI with CSIF=1 is detected.
c. [bookmark: _Toc16886933]UE transitions to CS state if does not detect a DCI with CSIF=0 for X slots
d. [bookmark: _Toc16886934]X and Y are configured by RRC (Y can be same as minK0)
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Figure 1. Transition taking HARQ fb delay into account (X slots in which no DCI with Field =0 is received).

[bookmark: _Toc5022906]There should no interruption time defined for the period between state transitions as the UE should be able to tx/rx control and data.
[bookmark: _Toc16886935]No interruption time is required for switching period between cross-slot state and no cross-slot state and vice-versa. 
In case of cross-carrier scheduling with mixed numerologies, since the application delay (e.g. Y) would be based on PDCCH monitoring slots and minK0 would be in the numerology of the scheduled cell, a scaling based on the numerologies of scheduling and scheduled cell is needed to ensure Y is computed in the slots of scheduling cell numerology. 
 


[bookmark: _Toc16886936]The CS to SS application delay for slot n to slot n+Y is applied as Y slots of scheduling cell.

[bookmark: _Toc16871085][bookmark: _Toc16871086]Conclusion
Proposal 1	Support per-BWP configuration of a minimum applicable value for K0 for DL (or K2 for UL).
Proposal 2	A new 1-bit field  is introduced in DL (or UL) scheduling DCI format(s) in USS for the purpose of L1 signaling indicating minK0/minK2 restriction or not on DL (or UL).
Proposal 3	Support higher layer configuration to indicate whether the new field is present only in non-fallback DCI, or fallback DCI or both.
Proposal 4	Following is supported for UE configured with cross-slot scheduling
a.	When UE is in cross-slot (CS) state and detects DCI with cross-slot indication field (CSIF)=0 in slot n, it continues to be in CS state at least until slot n+Y
b.	When UE is in SS state in slot n, it continues to be SS state for at least X more slots unless DCI with CSIF=1 is detected.
c.	UE transitions to CS state if does not detect a DCI with CSIF=0 for X slots
d.	X and Y are configured by RRC (Y can be same as minK0)
Proposal 5	No interruption time is required for switching period between cross-slot state and no cross-slot state and vice-versa.
Proposal 6	The CS to SS application delay for slot n to slot n+Y is applied as Y slots of scheduling cell.
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