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Introduction
In RAN1 meeting #96-Bis, the following are agreed for cross-slot scheduling based power saving [1]:

Agreements:
· 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.


Agreements:
· For an active DL and an active UL BWP, a UE can be indicated via 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) where the signalling type is to be down-selected from:
· Alt 1: MAC-CE based
· Alt 2: L1 based
· FFS: How to determine the minimum applicable value if explicit value is not provided.


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:
Possible candidate indication methods to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, where the indication method is to be selected from: 
· Alt 1: Implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated
· Alt 2: Indication of the minimum applicable value 
· Note: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 

Agreements:
· 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



Based on the above agreements, the following topics will be addressed for specifying the power saving design:
· Adaptation of cross-slot/same-slot scheduling
· Additional conditions the dynamic adaptation on cross-slot scheduling should not apply to
· Adaptation on aperiodic SRS slot offset and/or K1 value
· Potential enhancements for BWP-based adaptation


Adaptation of Cross/Same-slot Scheduling
Indication Design for the Adaptation	
In RAN1 meeting #96-Bis, there agree dynamic adaptation to adapt the minimum applicable values of K0, K2 and/or aperiodic CSI-RS triggering offset. One of the intention is to avoid the complication of scheduling UEs of different scheduling offsets. An useful strategy is to call back a UE to same-slot scheduling whenever there is data intended for the UE. Since the functionality can be included in the design of PDCCH-based power-saving signal/channel, L1-based signalling is preferred in order to prevent a duplicated functionality in MAC layer.

[bookmark: _Ref7808724][bookmark: _Ref7811492]Proposal 1: For an active DL and an active UL BWP, a UE can be indicated via L1-based signaling from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured).

[bookmark: _Ref7811503]Proposal 2: At least PDCCH-based power saving signal/channel is utilized for triggering the adaptation of cross/same-slot scheduling. 

For the indication method to adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, the minimal overhead for the signalling and additional configuration should be considered. It is preferable to enable a binary indication and maximally reuse the available TDRA information. For the case a default TDRA table is utilized, a variety of combinations of Type-A/B, start positions and durations for PDSCH are defined [2]. The overhead can be minimized by specifying the minimum applicable value for K0 (K2) only.

[bookmark: _Ref7811509]Proposal 3: To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported. For a selected TDRA entry, the K0 (K2) value is assigned to the indicated minimum applicable value if the selected value is smaller than the indicated minimum.

For the indication method to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, a consistent solution to what adapting K0 (K2) is preferred. Also to minimize the signalling overhead, joint indication to a targeted set of minimum applicable values for K0, K2 and aperiodic CSI-RS triggering offset is suggested.

[bookmark: _Ref7811514]
Proposal 4: To adapt the minimum applicable value of the aperiodic CSI-RS triggering offset, indication of the minimum applicable value is supported. For a triggered aperiodic CSI-RS, the triggering offset is assigned to the indicated minimum applicable value if the selected value is smaller than the indicated minimum.
[bookmark: _Ref7811523]
Proposal 5: Joint indication to a targeted set of minimum applicable values for K0, K2 and aperiodic CSI-RS triggering offset is supported to minimize the overall signalling overhead for the adaptation of cross/same-slot scheduling.

PDCCH/DCI Types for the Indication
In the previous section, indication method with the minimal signalling overhead is suggested. To maximize UE power saving gain, a UE should be able to assume cross-slot scheduling when there is no data intended for it or when UE data is insensitive to the cross-slot scheduling delay. We further discuss how to realize this target for following two cases:

· Outside Active Time:
· For this case, PDCCH based power saving signal/channel design can be used to cancel the PDCCH monitoring in the upcoming DRX OnDuration if there is no data activity or apply cross-slot scheduling to a suitable traffic type per its data activity.
· In [3], it is suggested UE can monitor UE-specific and group-specific power-saving PDCCH for the indication. It is network flexibility to utilize proper type of power-saving PDCCH to minimize the resource overhead.
· This part of design can leverage that of the agenda item of PDCCH-based power saving signal/channel

· During Active Time with PDCCH monitoring:
· For the case, UE will monitor PDCCH during DRX OnDuration. When there is no data activity, it is beneficial to allow UE to exploit the power saving gain from cross-slot scheduling.
· In Table 1, there compare the power saving gains with and without the adaptation to cross-slot scheduling during data inactivity and within Active Time with PDCCH monitoring. Identification of the data inactivity is done by checking no data scheduling for a 10 ms time duration, and cross-slot scheduling is applied if the condition holds. On the other hand, adaptation to same-slot scheduling is applied whenever there is data packet arrives for the UE. It can be observed that 21% power saving gain can be realized with such adaptation. 
· To realize the power saving gain, UE should keep monitoring power saving indication during Active Time with PDCCH monitoring. Since data inactivity timing is UE-specific and generally not aligned, group-based signalling may not be efficient. On the other hand, monitoring a dedicated UE-specific power-saving DCI during Active Time can exceed the DCI format size budget. It is therefore suggested to add additional bit in existing UE-specific scheduling DCI for the indication. Note that if data scheduling is not intended before UE is adapted back to same-slot scheduling setting, the adaptation indication can schedule a dummy data that occupies the minimal resource and is shared across multiple users for the minimized overhead.

[bookmark: _Ref7811320]Observation 1: Adaptation to cross-slot scheduling during UE data inactivity can save 21% power for FTP traffic model.

[bookmark: _Ref7811529]Proposal 6: For Rel-16, additional indication bit(s) for adaptation of cross/same-slot scheduling can be configured to the scheduling DCI.
[bookmark: _Ref7777177]Table 1: Power consumption for FTP traffic model with and without cross-slot scheduling adaptation
	
	FTP without WUS
(baseline)
	FTP with WUS and without cross-slot scheduling during data inactivity
	FTP with WUS and cross-slot scheduling during data inactivity

	Average power consumption
	52.33
	49.70
	41.24

	Power saving gain
	N/A
	5%
	21%



Switch Delay Requirement 
For a physical layer adaptation, switch delay should be specified. With a switch delay of Y slot(s) after a DCI indication received at slot n, new physical layer setting should be applied since slot n + Y, and UE does not expect any DL or UL data scheduled before slot n + Y. Since the adaptation of cross/same-slot scheduling does not involve RF related change which will induce interruption time to other active CC(s), it is up to RAN1 to decide the required switch delay. 

In Figure 1, there show the time component previously considered for BWP switch delay. For the adaptation of cross/same-slot scheduling, the suggested requirements are summarized in Table 2. 

[image: ]
[bookmark: _Ref7336641]Figure 1: Reference time components for a physical layer setting change

[bookmark: _Ref7791566]Table 2: Time requirements for adaptation of cross/same-slot scheduling
	Time component
	Suggested requirement
	Comment

	Control information monitoring (from PDCCH symbol reception to DCI parsing)
	min(480 us, slot duration)
	For 15k SCS, total reception and processing time can be finished within 6 to 7 symbols [4]. When slot duration is short, UE should at least finish control information monitoring within each slot duration. 

	RF/BB parameter calculating and loading
	10 us
	Since the signalled parameters are to be explicitly applied, 10 us is very sufficient.

	Applying the new parameters
	0 us
	This time component in BWP switch delay represents the required time for RF related change that will also induce interruption time for the other non-switching CC(s). For baseband-only parameter adaptation, there is no need of this component.



By the above analysis, the following proposal is suggested as the switch delay for the adaptation of cross/same-slot scheduling.

[bookmark: _Ref7808713][bookmark: _Ref7808730]Proposal 7: For L1-based adaptation of cross/same-slot scheduling, when UE receive the request at slot n, UE shall be ready to receive PDSCH with new settings at slot n+ Y, where Y is specified as the following table:

	 (SCS = )
	NR Slot length (ms)
	Switch delay Y for adaptation of cross/same-slot scheduling (in unit of slot)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	2

	3
	0.125
	2





Additional Conditions Not to Apply Adaptation of Cross/Same-Slot Scheduling
In RAN1 #96-Bis meeting, it is agreed that the adaptation on the minimum applicable value of K0 does not apply to at least the following cases where cell-specific types of data are already transmitted to Rel-15 UEs. Applying the adaptation implies that gNodeB has to duplicate the cell-specific data transmission for Rel-16 UEs of different K0 values and is therefore not preferred.

	RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common



In addition to the above cases, ccompanies are encouraged to further investigate whether to apply the adaptation for at least the following cases:

· K0 related:
	RNTI
	PDCCH search space

	C-RNTI, CS-RNTI
	

	MCS-C-RNTI
	



· K2 related:
	RNTI
	PDCCH search space

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213

	C-RNTI, TC-RNTI, CS-RNTI
	

	MCS-C-RNTI
	



For the adaptation on K0 value, there is no duplication of data transmission if the data type is UE-specific. Other than the data scheduling specified in the agreed table, there is only UE-specific data scheduling. For the adaptation on K2 value, PUSCH scheduled by MAC RAR is the only case that may refer to a common UL resource pool for a group of UEs. Other than this case, UE-specific UL resource can be scheduled and there is no issue of duplicating the required UL resource.

For the concern that MCS-C-RNTI is typically used for URLLC services where cross-slot scheduling is not expected to be applied, it is noticed that the dynamic adaptation is controlled by gNodeB. gNodeB can either disable this feature or always adapt UE to same-slot scheduling for URLLC services. By the above discussion, the following proposals are suggested.
[bookmark: _Ref7811545]Proposal 8: No change to the following agreed cases where the adaptation on the minimum applicable value of K0 does not apply to

	RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common



[bookmark: _Ref7811552]Proposal 9: The adaptation on the minimum applicable value of K2 does not apply to PUSCH scheduled by MAC RAR (as described in subclause 8.2 of TS 38.213).


Adaptation on aperiodic SRS slot offset and K1 value
In TR, it is agreed requiring K2 > 0 is to avoid the requirements of fast PDCCH processing. It is understood that being able to extend/relax UE processing timeline is beneficial for UE power saving. 

	· Cross-slot scheduling    
·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing
· UE assistance information can be considered



In Rel-15 NR, aperiodic SRS slot offset is configurable, and UE is required to perform fast PDCCH processing if the slot offset is small. When UE processing timeline is expected to be relaxed via adaptation on K2 value, a small aperiodic SRS slot offset can however dominate UE processing timeline. 
[bookmark: _Ref7811329]
Observation 2: When UE processing timeline is expected to be relaxed via adaptation on K2 value, a small aperiodic SRS slot offset can however dominate UE processing timeline.

One concern on adapting aperiodic SRS slot offset is the impact to MIMO performance. It is true if the adaptation is based on RRC reconfiguration. On the other hand, if dynamic adaptation with power-saving PDCCH is applied, UE can be indicated to apply the original aperiodic SRS slot offset(s). Given a short switch delay, e.g., back to the targeted setting in next slot, there will be no impact to MIMO performance.
[bookmark: _Ref7811346]
Observation 3: If dynamic adaptation on aperiodic SRS slot offset is applied, UE can be indicated to apply the original setting whenever there is data intended it. When there is no data for the UE, dynamic adaptation can allow the UE to relax the processing timeline in PDCCH monitoring.
[bookmark: _Ref7811415]
Regarding K1 value, it relates to UE processing timeline for DL data. Since PDSCH processing always needs to be finished per slot in order to accommodate the potential per-slot PDSCH scheduling, larger K1 will also imply longer PDCCH processing time allowed, and there can expect power saving benefit as with a larger K2 value. 
[bookmark: _Ref7811468]Observation 4: A larger K1 value also help to relax PDCCH processing timeline.
In general, when UE can be indicated to apply a power saving setting, we should include all the parameters that will affect UE processing timeline and power consumption. On the other hand, the adaptation should be subject to the minimal signalling overhead and short switch delay so as to minimize the system impact. To be more generic, the following proposal is suggested.
[bookmark: _Ref7811556]
Proposal 10: For Rel-16, joint adaptation on the set of minimum applicable values for at least K0, K2, aperiodic CSI-RS triggering offset, aperiodic SRS slot offset and K1 is supported for an active BWP. 
· FFS: More baseband-only parameters related to UE power consumption
· FFS: The maximum number of candidate sets of the targeted values/limits


Potential enhancement for BWP-based adaptation
In Rel-15 NR, BWP framework can be utilized to switch BWP-specific parameters, include the parameters related to cross-slot scheduling and UE processing timeline. While adapting the baseband-only parameters will not induce interruption time to the other active CC(s), BWP switching in Rel-15 is still subject to non-zero interruption time. The switch delay can also be reduced as suggested in Proposal 7. RAN4 should be notified of the new adaptation demand so as to check whether and what the shorter interruption time and switch delay can be.

[bookmark: _Ref7811564]Proposal 11: RAN1 send LS to RAN4 for reducing interruption time and switch delay when BWP switching only changes baseband-only parameters. 

 Conclusions
In this contribution, we specify the design for Rel-16 cross-slot scheduling based power saving. In particular, the following are provided:

Proposal 1: For an active DL and an active UL BWP, a UE can be indicated via L1-based signaling from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured).

Proposal 2: At least PDCCH-based power saving signal/channel is utilized for triggering the adaptation of cross/same-slot scheduling.

Proposal 3: To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported. For a selected TDRA entry, the K0 (K2) value is assigned to the indicated minimum applicable value if the selected value is smaller than the indicated minimum.

Proposal 4: To adapt the minimum applicable value of the aperiodic CSI-RS triggering offset, indication of the minimum applicable value is supported. For a triggered aperiodic CSI-RS, the triggering offset is assigned to the indicated minimum applicable value if the selected value is smaller than the indicated minimum.

Proposal 5: Joint indication to a targeted set of minimum applicable values for K0, K2 and aperiodic CSI-RS triggering offset is supported to minimize the overall signalling overhead for the adaptation of cross/same-slot scheduling.
[bookmark: _GoBack]
Observation 1: Adaptation to cross-slot scheduling during UE data inactivity can save 21% power for FTP traffic model.

Proposal 6: For Rel-16, additional indication bit(s) for adaptation of cross/same-slot scheduling can be configured to the scheduling DCI.

Proposal 7: For L1-based adaptation of cross/same-slot scheduling, when UE receive the request at slot n, UE shall be ready to receive PDSCH with new settings at slot n+ Y, where Y is specified as the following table:

	 (SCS = )
	NR Slot length (ms)
	Switch delay Y for adaptation of cross/same-slot scheduling (in unit of slot)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	2

	3
	0.125
	2




Proposal 8: No change to the following agreed cases where the adaptation on the minimum applicable value of K0 does not apply to

	RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common



Proposal 9: The adaptation on the minimum applicable value of K2 does not apply to PUSCH scheduled by MAC RAR (as described in subclause 8.2 of TS 38.213).

Observation 2: When UE processing timeline is expected to be relaxed via adaptation on K2 value, a small aperiodic SRS slot offset can however dominate UE processing timeline.

Observation 3: If dynamic adaptation on aperiodic SRS slot offset is applied, UE can be indicated to apply the original setting whenever there is data intended it. When there is no data for the UE, dynamic adaptation can allow the UE to relax the processing timeline in PDCCH monitoring.

Observation 4: A larger K1 value also help to relax PDCCH processing timeline.

Proposal 10: For Rel-16, joint adaptation on the set of minimum applicable values for at least K0, K2, aperiodic CSI-RS triggering offset, aperiodic SRS slot offset and K1 is supported for an active BWP.
· FFS: More baseband related parameters related to UE power consumption
· FFS: The maximum number of candidate sets of targeted values

Proposal 11: RAN1 send LS to RAN4 for reducing interruption time and switch delay when BWP switching only changes baseband-only parameters.
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