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1 Introduction
In RAN#83, WID for UE power saving is agreed with below WI 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.

In this contribution, we consider cross-slot scheduling power saving techniques
2 Cross-slot scheduling based power saving techniques
Cross-slot scheduling can give power saving gain by means of 1) no PDSCH buffering, 2) micro-sleep after receiving PDCCH, 3) relaxing PDCCH processing timeline, etc. During the SI phase, the power saving benefit from cross-slot scheduling is extensively studied. In [2], it is observed that cross-slot scheduling achieves 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%. 

Based on the observations, it was consequently agreed in RAN#83 to specify the cross-slot scheduling related procedure in Rel-16. However, as already discussed, Rel-15 already supports cross-slot scheduling. Therefore, it should be firstly clarified whether enhancement compared to Rel-15 is necessary or not by carefully analysing the functionalities supported in Rel-15.
2.1 Cross-slot scheduling in Rel-15
Rel-15 can support cross-slot scheduling by gNB implementation configuring the time domain resource allocation (TDRA) table with K0 > 0. The UE can decide whether or not to perform PDSCH buffering or go to micro sleep based on the minimum K0 value (K0min) among the K0 values in the configured TDRA table. Here, the UE needs to take into account the potential CSI-RS reception from the A-CSI request as well as the potential PDSCH inferred from K0min to achieve the power saving gain from cross-slot scheduling. Figure 1 shows an example of A-CSI triggering in Rel-15. Figures 1(a) and 1(b) illustrate A-CSI trigger with zero-offset and larger than zero offset, respectively. As in Figure 1(a), if a UE is expected to be triggered A-CSI with zero offset (i.e., aperiodicTriggeringOffset=0) by UL DCI in a slot, the UE needs to perform DL symbol buffering to receive the potential CSI-RS. In this case, the UE cannot go to micro-sleep after PDCCH reception although the TDRA table is configured with K0min > 0. As in Figure 1(b), on the other hand, if the UE is not expected to be triggered A-CSI with zero offset, i.e., if always A-CSI with non-zero offset is triggered in a slot, the UE can go to micro sleep without buffering after PDCCH reception. 
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Figure 1. Examples of A-CSI triggering in Rel-15
In Rel-15, the triggering offset was introduced for FR2 scenarios where PDCCH can be transmitted using different beams(s) from PDSCH. To switch from one beam to another, some switching time is required. When CSI-RS is triggered by DCI conveyed in PDCCH, it is intended for CSI measurement for PDSCH. Therefore this triggering offset is introduced so that the UE can measure CSI-RS assuming the same TX (hence RX) beam as PDSCH. On the other hand, for FR1 the triggering offset is not useful since there is no use case where different TX/RX beams are used for PDCCH and PDSCH. Instead, if the triggering offset is used for FR1, it just leads complicated CSI measurement procedure without any benefits. Therefore, in Rel-15, it was decided that triggering offset is always set to zero for FR1 (this corresponds to the case that QCL-TypeD is not configured). 
Considering above aspects, the gNB can configure CSI resource/report settings and TDRA table to the UE properly, so that the power saving gain can be achieved. 

For FR2, the UE can achieve power saving benefit from the cross-slot scheduling if TDRA table is configured with K0min > 0 and all of the CSI resources associated with the CSI request field are configured with non-zero offset.

For FR1, the UE can still achieve power saving benefit from the cross-slot scheduling if TDRA table is configured with K0min > 0 and CSI resource/reporting setting is configured to meet at least one of the following conditions: 
Cond#1 (Figure 2(a)): A-CSI request is triggered in the slot where the PDSCH is scheduled. 
Cond#2 (Figure 2(b)): CSI-RS for A-CSI report are transmitted in the first X-symbol in a slot.
Cond#3 (Figure 2(c)): CSI-RS for A-CSI report are transmitted in the last Y-symbol in a slot.
Cond#4 (Figure 2(d)): A-CSI request is not configured. Only periodic CSI reporting is configured. 
The gNB can properly configure the parameters for CSI resource/reporting setting to the UE to meet at least one of the conditions in Cond#2, Cond#3, and Cond#4. Only Cond#1 needs (very small) specification effort to make sure that the UE does not need to expect to be triggered with A-CSI request in a slot other than the slot where PDSCH is scheduled.

Observation 1: Cross-slot scheduling and its power saving benefit can be achieved in Rel-15.

· For FR1, the UE can expect power saving benefit from the cross-slot scheduling if TDRA table is configured with K0min > 0 and CSI resources/reporting is configured properly.

· For FR2, the UE can expect power saving benefit from the cross-slot scheduling if TDRA table is configured with K0min > 0 and all of the CSI resources associated with the CSI request field are configured with non-zero offset.
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Figure 2. Conditions for achieving power saving gain from cross-slot scheduling for FR1 in Rel-15
2.2 Enhancements in Rel-16
As discussed in Section 2.1, Rel-15 cross-slot scheduling is basically workable for power saving purpose without any specification change. If needed, it seems to be enough to introduce the functionality of Cond#1 in Rel-16 as mentioned above.
Proposal 1: The UE is not expected to be triggered A-CSI with zero offset in a slot other than the slot where PDSCH is scheduled if TDRA table with K0min>0 is configured.
On the other aspects, UE assistance information could be useful. UE can report some preferred parameters related to TDRA such as minimum slot offset (K0min, K2min), starting symbol, ending symbol, etc as shown in Figure 3. The gNB can configure TDRA table properly based on the reported UE assisted information.
Observation 2: UE assisted information related to time domain resource allocation can be beneficial.
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Figure 3. Potential UE assistance information
3 Conclusion

This contribution considered cross-slot scheduling based power saving techniques. Following observations and proposal were made:
Observation 1: Cross-slot scheduling and its power saving benefit can be achieved in Rel-15.

· For FR1, the UE can expect power saving benefit from the cross-slot scheduling if TDRA table is configured with K0min > 0 and CSI resources/reporting is configured properly.

· For FR2, the UE can expect power saving benefit from the cross-slot scheduling if TDRA table is configured with K0min > 0 and all of the CSI resources associated with the CSI request field are configured with non-zero offset.
Observation 2: UE assisted information related to time domain resource allocation can be beneficial.
Proposal 1: The UE is not expected to be triggered A-CSI with zero offset in a slot other than the slot where PDSCH is scheduled if TDRA table with K0min>0 is configured.
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