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1. Introductions
In RAN #83, a new Rel-16 work item on NR UE power saving was discussed and approved [1]. For cross-slot scheduling, some progress had been made in RAN1 and the corresponding agreements were captured in the TR 38.840 [2]. 
	· 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

· The general procedure for the study of the power saving scheme when cross-slot scheduling is used 

·  gNB semi-statically configures TDRA to the UE, subject to UE capability (if any) 

· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0

· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.

· All aperiodic CSI-RS triggering offsets are not smaller than the value x

· UE decodes PDCCH and retrieves the index of schedulable TDRA values
· UE could go to micro sleep after reception of last PDCCH symbol 

· UE processes PDSCH at the indicated starting time from TDRA values
· Note: DRX cycle assumed in the evaluation results summarized in the table below is not necessary long DRX cycle; detailed DRX cycle assumption can be found in each reference




This contribution discusses the detailed design of cross-slot scheduling power saving techniques.
2. Discussion on cross-slot scheduling enhancement
2.1. Observations from evaluation
For cross-slot scheduling, the following observations are achieved in TR based on simulation results [2].
	The power saving schemes with cross slot scheduling show 13% - 28 % power saving gain and UPT degradation 0.3 %-  5%  for minimum K0= 1, 13% - 25% power saving gain and UPT degradation 7 % -13 % for 1< minimum K0 < 4  and 2% - 25% power saving gain for minimum K0 >= 4 and UPT degradation up to 32%.  When minimum K0>1, the power saving gain decreases and UPT degrades as the K0 increases.   Smaller power saving gain in the range 1.1% - 6.5% is observed when the amount of PDCCH monitoring without data scheduling is limited because of high scheduling activity or going to DRX OFF by MAC-CE.  The average latency increase is up to 4% if minimum K0 value is less than 4 and C-DRX is assumed. Larger latency increases up to 15% is observed for larger minimum K0 values or C-DRX is not applied.


Observation 1: Cross-slot scheduling can provide 7%-28% power saving benefit with similar or tolerable latency increase, compared with same-slot scheduling.
2.2. Aperiodic CSI-RS triggering
For cross-slot scheduling, UE can switch its RF and some front-end hardware parts after receiving PDCCH symbols (i.e., go to micro sleep state) to save power, because UE knows that the gap between PDCCH and the scheduled data is larger than 0. 
In current Rel-15 spec (TS 38.214), the following is captured for FR1:

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, the CSI-RS triggering offset  is fixed to zero.
This means the CSI-RS is transmitted in the same slot of PDCCH and UE cannot let RF and some front-end hardware parts go to sleep when UE need CSI-RS processing in the same slot. To solve this problem, aperiodic CSI-RS triggering with offset larger than 0 need to be supported. As one solution, the minimum offset between PDCCH and CSI-RS, e.g., the minimum offset between the slot where PDCCH is monitored and the slot where the related CSI-RS is processed, can be configured by gNB. After receiving configuration of a non-zero offset, UE is not expected to receive a zero CSI-RS triggering offset, 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. 1-slot minimum offset is appropriate to save UE power. Or alternatively, UE can report its preferred minimum gap between PDCCH and CSI-RS.
Proposal 1: Aperiodic CSI-RS triggering with offset larger than 0 is supported when all the associated trigger states do not contain QCL Type D information. 

2.3. Signaling aspects
Rel-15 spec already provides the mechanism to use cross-slot scheduling for most of PDSCH scheduling, unless when UE monitors PDCCH with SI-RNTI. In case of SI-RNTI, same-slot scheduling (K0=0 defined by the default TDRA table) is required. However, PDCCH with SI-RNTI is sparse in time and in addition UE is not required to always monitor PDCCH with SI-RNTI. 
Observation 2: Rel-15 spec already provides the mechanism to use cross-slot scheduling for most of PDSCH scheduling, and the only exception is that UE monitoring PDCCH with SI-RNTI.
So if gNB can configure all the K0 to be larger than 0 in TDRA table for all PDCCH scheduling except PDCCH with SI-RNTI, there is no need for new signaling design since Rel-15 TDRA configuration is enough to support cross-slot scheduling. This is a method based on network implementation. 
Another solution is that gNB can explicitly configure the minimum K0 to UE, by dedicated signaling described in Section 2.4 in [3]. Upon received the configuration, UE can assume gNB will perform cross-slot scheduling and the minimum K0 is configured to be larger than 0.
Proposal 2:  For signaling aspects, choose one from the following:

· Option 1: No new signaling design for cross-slot scheduling, since Rel-15 TDRA configuration is enough to support cross-slot scheduling. 
· Option 2: Dedicated signaling for cross-slot scheduling, e.g., gNB can configure the minimum K0 by dedicated L1 signalling.
2.4. UE report preferred K0
Cross-slot scheduling should also be supported in BWP switch and cross-carrier scheduling. The BWP switching delay in same carrier and the switching delay for carrier switch need to be considered when gNB explicitly configures the minimum K0.
The minimum K0 in BWP switching and cross-carrier scheduling that facilitates power saving depends on UE implementation/capability. Network can configure the k0 values based on the preferred minimum k0 reported by UE such that cross-slot scheduling can be used more efficiently.
Proposal 3: Support UE reporting preferred minimum K0 for power saving purpose in the following cases:
· minimum K0 without BWP switch

· minimum K0 with BWP switch with same or different numerology

· minimum K0 with cross-carrier scheduling with same or different numerology
Even for the same BWP operation, it possible for UE to operate in a narrower coreset (i.e., narrower than the BWP) for PDCCH monitoring and switch to a larger BW (e.g., the whole BWP) for the corresponding PDSCH reception. This can save UE power and may require some switching delay.
2.5. Processing time adaptation
Besides DL cross-slot scheduling, adaptation to processing time for UL scheduling and PDSCH-to-ACK timing can also be considered. Some relaxation to the processing time for UL scheduling or to the PDSCH-to-ACK timing can make UE work in a lower power consumption state (i.e., a low mode of Dynamic Voltage Frequency Scaling). In current TR, it is agreed that “Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing”. Similar mechanism of DL cross-slot scheduling can be considered to save power.

Minimum k1/k2 values depend on UE implementation/capability. UE reporting of minimum k1/k2 values are useful for network to relax the PDSCH-to-ACK and UL_grant-to-PUSCH timing to relax the UE processing timeline for power saving.
Proposal 4: Support adaptation to processing time for UL scheduling and PDSCH-to-ACK timing for power saving purpose.
Proposal 5: Support UE reporting preferred minimum K1 and K2 for power saving purpose.
3. Conclusion

This contribution discusses the detailed design of cross-slot scheduling power saving techniques, and have following observation and proposals. 
Observation 1: Cross-slot scheduling can provide 7%-28% power saving benefit with similar or tolerable latency increase, compared with same-slot scheduling.
Observation 2: Rel-15 spec already provides the mechanism to use cross-slot scheduling for most of PDSCH scheduling, and the only exception is that UE monitoring PDCCH with SI-RNTI.
Proposal 1: Aperiodic CSI-RS triggering with offset larger than 0 is supported when all the associated trigger states do not contain QCL Type D information. 

Proposal 2:  For signaling aspects, choose one from the following:

· Option 1: No new signaling design for cross-slot scheduling, since Rel-15 TDRA configuration is enough to support cross-slot scheduling. 
· Option 2: Dedicated signaling for cross-slot scheduling, e.g., gNB can configure the minimum K0 by dedicated L1 signalling.
Proposal 3: Support UE reporting preferred minimum K0 for power saving purpose in the following cases:

· minimum K0 without BWP switch

· minimum K0 with BWP switch with same or different numerology

· minimum K0 with cross-carrier scheduling with same or different numerology
Proposal 4: Support adaptation to processing time for UL scheduling and PDSCH-to-ACK timing for power saving purpose.
Proposal 5: Support UE reporting preferred minimum K1 and K2 for power saving purpose.
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