3GPP TSG RAN WG1 Meeting #96bis						R1-1905369
Xi’an, China, 8th – 12th April 2019
Source:             CATT
Title:                  Power saving scheme with cross-slot scheduling operation
[bookmark: Source]Agenda Item:     7.2.9.2
[bookmark: DocumentFor]Document for:   Discussion and Decision

Introduction
In last RAN#83, power saving WID is agreed [1].This contribution is shown the details and the procedures of the UE power schemes with cross-slot scheduling.

Power Saving Schemes with cross-slot
Based on TR [2] of power saving in NR, the power saving schemes with cross-slot scheduling is up to about 30% power saving gain, which is contributed by lower power consumption of relaxed PDCCH processing timeline and no PDSCH/PUSCH buffer. When UE did not need to buffer data, UE could go to micro-sleep. In this part, it discussed UE procedure and related cross-slot parameters configuration. 

Procedure for cross-slot scheduling of power saving

So far, cross-slot scheduling is already defined for DL transmission and UL transmission. The related cross-slot scheduling parameters are decided by K0 and K2, which are indicated by time domain resource allocation in DCI using 4bits. In general, TDRA table could be configured by RRC signalling in semi-statically and indicated by DCI dynamically.  Where, K0 is configured as 0,1,2, 3, …,32 slots, K2 could be configured as 0,1,2,3,…,32 slots. When cross-slot scheduling for power saving is supported, K0, K2 could be configured larger than zero at least, UE could provide power saving performance gain based on TR evaluation results. Furthermore, the determined value X of K0, K2 configuration for power saving could be decided by BWP configuration, numerology configuration, UE processing capability etc. On the other hand, aperiodic CSI-RS transmission could be triggered by DCI. Aperiodic CSI-RS triggering offset between aperiodic CSI-RS transmission and DCI transmission could be configured as {0, 1, 2, 3, 4, 16, 24} slots. If UE could go to micro-sleep after DCI reception, aperiodic CSI-RS triggering offset could be configured larger than zero. 
When all of K0, K2 and aperiodic CSI-RS transmission offset are configured larger than X. UE could avoid buffering PDSCH/PUSCH and go to micro-sleep after PDCCH reception. The figure is shown as below.



[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Figure 1  cross-slot scheudling for power saving procedure
In this case, the general UE procedure for cross-slot scheduling of power saving could be followed below:
· 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
· gNB semi-statically configure all aperiodic CSI-RS triggering offsets are not smaller than the value X
· UE could avoid buffering PDSCH/PUSCH and go to micro sleep after reception of last PDCCH symbol 
· UE receive PDSCH at the indicated starting time from TDRA value

Proposal 1:  It could support cross-slot scheduling for power saving by means of suitable parameters configurations, eg., TDRA configuration, aperiodic CSI-RS triggering offset configuration, etc.

Cross-slot scheduling issues for power saving

There are some issues when cross-slot scheduling is configured for power saving, and it is discussed in following part.
· cross-scheduling could not be performed due to unavailable DL slot, e.g., 
· DL/UL transmission direction configuration is imbalance, or dynamic SFI indication to change DL/UL slot transmission direction
· aperiodic CSI-RS triggering offset limitation
1) unavailable DL slot for cross-slot scheduling

In general, cross-slot scheduling could be configured by RRC and dynamic indicated by DCI. While, it is limited by DL/UL transmission direction configure and maximum K0, K2 configuration. If DL resource is not available at the indication slot, it could not perform cross-slot scheduling. It is shown in following figure. 
Figure 2 unavailable cross-slot scheudling for power saving 

2) [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Aperiodic CSI-RS transmission offset
Based on existing discussion on aperiodic CSI-RS, aperiodic CSI-RS triggering offset could be configured as {0, 1, 2, 3, 4, 16, 24} slots. While, if not all the associated trigger states contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero.  When aperiodic CSI-RS triggering offset is configured as zero, UE needs to perform CSI measurements and cannot go to micro-sleep. UE will not get the power saving performance gain.
The direct solution is to relax aperiodic CSI-RS trigger offset limitation. Even there is no QCL Type D information, UE could also be configured aperiodic CSI-RS triggering offset larger than zero. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK20]Proposal 2:  it could support cross-slot scheduling for power saving by mean of relaxation of aperiodic CSI-RS trigger offset larger than zero even without QCL type D configuration.

Conclusion 

In this contribution, UE adaptation with cross- slot scheduling are discussed and analysed.  We have the following proposals, 
[bookmark: _GoBack]Proposal 1:  It could support cross-slot scheduling for power saving by means of suitable parameters configurations, e.g., TDRA configuration, aperiodic CSI-RS triggering offset configuration etc.
Proposal 2:  it could support cross-slot scheduling for power saving by mean of relaxation of aperiodic CSI-RS trigger offset larger than zero even without QCL type D configuration, or dynamic signalling to indicate for cross-slot scheduling.
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-----------------------------------------------------------Text Proposal--------------------------------------------------------------------
TS 38.213 V15.5.0 (2019-03)
[bookmark: _Toc4508092]5.1.2.1	Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in sub-clause 5.1.2.1.1. The indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.
If cross-slot scheduling is configured for UE power saving, the slot of offset K0 should be configured larger than zero.
<Unchanged part omitted>

TS 38.213 V15.5.0 (2019-03)
[bookmark: _Toc4508151]6.1.2.1	Resource allocation in time domain
When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport block and a CSI report(s) on PUSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table. The determination of the used resource allocation table is defined in sub-clause 6.1.2.1.1. The indexed row defines the slot offset K2, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission.
If cross-slot scheduling is configured for UE power saving, the slot of offset K2 should be configured larger than zero.
<Unchanged part omitted>

TS 38.214 V15.5.0 (2019-03)
[bookmark: _Toc534727958]5.2.1.5	Triggering/activation of CSI Reports and CSI-RS
[bookmark: _Toc534727959]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
<Unchanged part omitted>
For a UE configured with the higher layer parameter CSI-AperiodicTriggerStateList, if a Resource Setting linked to a CSI-ReportConfig has multiple aperiodic resource sets, only one of the aperiodic CSI-RS resource sets from the Resource Setting is associated with the trigger state, and the UE is higher layer configured per trigger state per Resource Setting to select the one CSI-IM/NZP CSI-RS resource set from the Resource Setting.
When aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset  is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 16, 24} slots. The aperiodic CSI-RS is transmitted in slot  if the PDCCH SCS is equal to the CSI-RS SCS and  if the PDCCH SCS is smaller than the CSI-RS SCS, where n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI,  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively. 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. If cross-slot scheduling is configured for UE power saving,  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  has the valued of {1,2,3,4,16,24}slots.  If the PDCCH SCS is smaller than the CSI-RS SCS, the UE does not expect that the PDCCH carrying the triggering DCI is contained in the last 10 symbols of the slot. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.
<Unchanged part omitted>
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