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Introduction
In the RAN1 #96bis [1] and #97 [2] meeting, the following was agreed on the procedure of cross-slot scheduling power saving techniques: 
	Agreements:
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 
Agreements:
For an active DL and an active UL BWP, a UE can be indicated via L1-based signaling(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:
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
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) 
Agreements:
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.
FFS: Exclude contention-free RACH 
FFS: Exclude PUSCH scheduled with TC-RNTI
Agreements:
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:
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





In RAN1 84, the WID [3] was updated as follows:
	1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]
NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure





This contribution provides our views on the remaining design issues to achieve improved UE power saving with cross-slot scheduling.
Discussion
2.1 Indication methods for the minimum applicable values of K0 and K2 
It has been agreed to adapt the minimum applicable value of K0 (K2) for active DL (UL) BWP by L1 signaling. Based on indication of minimum value, UE reads the TDRA value indication in subsequent DCI.  A field in a DCI can be used for explicit signaling which may provide more flexibility than implicit signaling.

Explicit indication

A first DCI indicates the minimum applicable values followed by a second DCI, such as scheduling DCI, which indicates the TDRA table where valid entries for signaling depends on minimum indicated value. In our view, the field in first DCI may comprise 1 bit, where bit status 0 may indicate regular scheduling, i.e., no restriction in selection of entries in the TDRA table, and bit status 1 may indicate enabling cross-slot scheduling by activating a certain minimum applicable value. More than 1 bit is also possible, in order to dynamically select a cross-slot scheduling configuration, from a set of pre-configured configurations (i.e., set of minimum applicable values).
Below are few options on how the indicated minimum applicable value can be applied to selection of entries in DL (UL) TDRA table:
Option 1: Based on indication of minimum applicable value, UE reinterprets the entries in the TDRA table. For instance, bit value 0 in first DCI corresponds to minimum applicable value of K0/K2 = 0 which corresponds to TDRA table 1 and bit value 1 corresponds to K0/K2 = 1 which in turn points to a TDRA table 2. In other words, if the configured minimum values of K0/K2 in TDRA table are smaller than the indicated minimum value, the TDRA table is reinterpreted and the benefit of this approach is full range and flexibility of 16 entries in TDRA table can be used. The values in TDRA table after re-interpretation are configured to the UE. 

Option 2:  Based on indication of minimum applicable value, a subset of entries in the TDRA table can only be valid for signaling. For example, if the minimum indicated value of K0/K2 is larger than the minimum value of K0/K2 in the TDRA entries, then entries in the TDRA table where minimum value of K0/K2 is less than the indicated value are deemed invalid and other entries are used for signaling. In this approach, UE is configured with one TDRA table only and full flexibility of 4-bit signaling field for TDRA signaling cannot be leveraged.   

In our view, outside active time, wake-up signal can indicate minimum applicable value to be used for next occurrence of DRX ON. During active time, scheduling DCI can be used. 

Implicit Indication 
Implicit indication can be obtained based on detection of scheduling DCI. UE switches between regular scheduling configuration (K0/K2 >=0) and cross-slot scheduling (K0/K2 > 0) configuration when scheduling DCI is received. UE assumes cross-slot scheduling (K0/K2 > 0) configuration when UE is monitoring and there is no traffic activity. After the reception of a scheduling DCI, the UE switches to regular scheduling configuration (K0/K2 >=0), i.e., without any scheduling restriction. A timer can be configured by higher layer signalling to determine the valid duration for the regular scheduling configuration (K0/K2 >=0). After the expiration of the timer, UE can fall back to cross-slot scheduling (K0/K2 > 0) configuration to save UE power.
However, this option has limited flexibility as the UE has to switch to support same-slot scheduling once there is traffic for UE, even in conditions where the traffic does not require same slot scheduling, i.e., some delay in transmission can be tolerated. This leads to reduced power gain. 
Proposal 1: Support explicit indication of minimum applicable value of K0/K2 in a field in DCI. 
· Outside active time, wake-up signal DCI can be used.
· During active time, scheduling DCI can be used and a configurable field can be added.

Proposal 2: Support re-interpretation of the TDRA entries based on indicated minimum applicable value. 

Minimum applicable values K0, K2, A-CSI-RS and A-SRS
A common minimum applicable value for scheduling offset for K0, K2, A-CSI-RS and A-SRS should be considered. Having a common value across all offset values does not provide the full flexibility. However, it helps to minimize overhead for the adaptation of cross/same-slot scheduling in DL and UL separately, and reduces signaling requirements.

Proposal 3: Support one common minimum applicable value for K0, K2, CSI-RS and A-SRS.
· FFS values, such as 1, 2 slots.

Cross-BWP and cross-carrier scheduling 
The network triggers UE to switch BWP based on incoming traffic. The options to configure minimum applicable value K0 (or K2) of the active DL (UL) BWP to cross-BWP scheduling include
Option 1: Minimum value in the current BWP is carried over to the new BWP 
Option 2: Minimum applicable value is independently signaled for each BWP
Different BWPs are used for different traffic conditions, hence assuming a common minimum value across BWPs will not serve well for incoming traffic in new BWP and can cause increased throughput loss. Once the UE switches to new BWP, network can indicate minimum applicable value if needed. When UE switches back to default BWP, it needs further discussion whether UE assumes the indicated minimum value before BWP switching or wait for another signaling from the network. 
Proposal 4:  Support independent indication of minimum applicable value for each BWP

With regard to cross-carrier scheduling, in our view, same cross-slot scheduling parameters should be used in all active carriers. This allows UE reception of PDSCH and micro sleep at the same slot aligned for all active carriers. This option provides increased UE power saving gain compared to possibly different configuration of minimum applicable value in the active carriers.
0. Application Delay Requirement
If UE receives the adaptation indication in slot n and the application delay is Y slot(s), UE shall be ready to apply new indicated minimum applicable value(s) in slot n + Y. In RAN1 97, the following conclusion was reached to calculate the application time:
Conclusion
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 signaling(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
 

For different numerologies, starting slot is given in the table below assuming n = 0
[bookmark: _GoBack]Table 1: Application delay (n1 and n2) in unit of slots when new indicated minimum value is applicable 
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1. 
1. 
Conclusion
In this contribution, we discuss about the design for cross-slot scheduling power saving techniques. Based on the discussions, we make the following proposals:
Proposal 1: Support explicit indication of minimum applicable value of K0/K2 in a field in DCI. 
· Outside active time, wake-up signal DCI can be used.
· During active time, scheduling DCI can be used and a configurable field can be added.

Proposal 2: Support re-interpretation of the TDRA entries based on indicated minimum applicable value. 


Proposal 3: Support one common minimum applicable value for K0, K2, CSI-RS and A-SRS.
· FFS values, such as 1, 2 slots.

Proposal 4:  Support independent indication of minimum applicable value for each BWP
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