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Introduction

In the RAN #83 meeting, the new work item of UE power saving in NR was approved with the following objectives [1]:
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) 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  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.

This contribution provides our views on procedures of cross-slot scheduling power saving techniques. The contents are mainly updated from R1-1902548.

Discussion

Main philosophy of power saving from cross-slot scheduling 
Cross-slot scheduling was evaluated and concluded to achieve power saving gain in the study item phase. Before going to the procedure design discussion, it is beneficial to analyze the philosophy of how the gain is obtained. 

· Traffic adaptation
By using the gap between the control and data channel, some PDCCH monitoring and PDSCH buffering efforts can be skipped. However, it is noted that the baselines for comparison are self-slot scheduling with certain DRX configurations without appropriate traffic adaptations. Thus, some of the performance gain coming from potential micro-sleep and slower processing timeline is actually from traffic adaptation by introducing scheduling gaps and delay for traffic delivery.
Observation 1:  Cross-slot scheduling performance gain can be obtained from traffic adaptation by introducing assumption that UE may go to micro-sleep during the gap between data channel and control channel.

· Traffic aggregation
Based on the current agreed power model, cross-slot scheduling power consumption for a TB is PDCCH-only * 0.7 + PDSCH-only = 70 + 280 = 350, while PDCCH + PDSCH in a slot is 300. Hence for a single scheduling, cross-slot scheduling is not an efficient way for power saving. Even though UE can go to micro-sleep after PDCCH reception, it is not a better option than utilizing self-slot scheduling and making UE sleep earlier, unless it is not feasible to do so.
On the other hand, if UE is configured to monitor PDCCH anyway in a relatively longer period, cross-slot scheduling can reduce the PDCCH monitoring power consumption and skipping buffering the data part. For example, to monitor PDCCH in 10 slots, cross-slot scheduling uses 700 units while normal same-slot scheduling uses 1000 units. However, it is also a controversial point that why gNB needs to keep UE in a long period and only schedules the UE in a small portion of active period. A smarter gNB willing to peruse lower UE power consumption should perform better traffic adaptation.
In our opinion, besides the traffic adaptation, the other main benefit brought by cross-slot scheduling comes from the possibility of aggregating multiple TBs into one slot to reduce the UE active time. For example, if two TB are scheduled with cross-slot scheduling in the PDSCH in the same slot, the power consumption is 70 + 70 + 280 = 420, while the same slot scheduling is 300 + 300 = 600. In this example, even UE buffers both control and data parts in each slot but cross-slot scheduling is assumed, the power is 100 + 100 + 300 = 500, which is still more efficient than same slot scheduling. The benefit can become more obvious along with more TBs are aggregated within a slot.
Observation 2: By proper implementation of gNB scheduler, the data transmission can be aggregated into smaller number of slots by cross-slot scheduling, which is the other main enabler of saving power consumption. 

Cross-slot scheduling procedure and TDRA table
Based on the above observations, for cross-slot scheduling procedure, the following UE behaviours should be clarified:
1. For minimum K0 > 0, the UE can skip the PDSCH part buffering in the slots configured for PDCCH monitoring. The K0 value determines how fast UE is required to process PDCCH. A larger K0 value can relax the processing capability and lower the chipset voltage and frequency (DVSF). For each scheduling, the actually used K0 between PDCCH and PDSCH indicated by gNB depends on the packet scheduling aggregation strategy and traffic latency requirement. As shown in Figure.1, the K0 values are 4, 3, and 2 for PDCCH #1, #2 and #3 respectively. For PDCCH #4 and #5, the K0 values are 2 and 1.
2. It is a separate discussion point that whether the UE can also skip the PDCCH monitoring in a certain period after it detects a PDCCH. As shown in Figure.1, even after UE have detected PDCCH#3, it can also continue monitor PDCCH in Slot#n+3 and Slot#n+4. Since the PDCCH monitoring skipping may have impact on the flexibility of aggregating multiple scheduled TBs and the achievement of latency requirement, it is not always necessary to assume PDCCH monitoring skipping during cross-slot scheduling operation.
Proposal 1: During the period of cross-slot scheduling i.e. PDCCH to the assigned PDSCH, whether to skip PDCCH monitoring or not in this period should be allowed to control separately from PDSCH assignment possibility. The DL signal buffering skipping can be enabled by UE when UE is indicated both PDCCH and PDSCH are not assigned in this period.

[image: ]                                                          Figure.1 An example of cross-slot scheduling and PDCCH monitoring
 
It is also mentioned in the WID that the procedure is in addition to Rel-15 cross-slot scheduling procedure. Since the configured TDRA table is BWP- specific for Rel-15 cross-slot schedling, which plays an important role in the discussion of power saving from same/cross/multi-slot scheduling in the study item phase, the time domain processing timeline adaptation may also be impacted by BWP switching. Thus in this sense, the adaptation of scheduling in time and frequency domain is naturally tied, which requires also careful study on how to support efficiently.
Proposal 2: Cross-slot scheduling related procedures should be carefully studied together with adaptation in frequency domain.

Conclusions
This contribution provide our considerations on the cross-slot procedures for power saving. The follow conclusions are summarized below:
Observation 1:  Cross-slot scheduling performance gain can be obtained from traffic adaptation by introducing assumption that UE may go to micro-sleep during the gap between data channel and control channel.
Observation 2: By proper implementation of gNB scheduler, the data transmission can be aggregated into smaller number of slots by cross-slot scheduling, which is the other main enabler of saving power consumption. 
Proposal 1: During the period of cross-slot scheduling i.e. PDCCH to the assigned PDSCH, whether to skip PDCCH monitoring or not in this period should be allowed to control separately from PDSCH assignment possibility. The DL signal buffering skipping can be enabled by UE when UE is indicated both PDCCH and PDSCH are not assigned in this period.
Proposal 2: Cross-slot scheduling related procedures should be carefully studied together with adaptation in frequency domain.
[bookmark: _GoBack]
References
[1] RP-190727, New WID: UE Power Saving in NR, 3GPP TSG RAN Meetings #83
3GPP
image1.emf
Slot#n Slot#n+1 Slot#n+2 Slot#n+3 Slot#n+4 Slot#n+5

PDCCH#1

PDCCH#2 PDCCH#3

PDSCH#1

PDSCH#2

PDSCH#3

PDCCH#4

PDCCH#5

PDSCH#5

PDSCH#4

Minimum K0 = 2

Minimum 

K0 = 1


