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1. Introduction

As an outcome of Re-16 power saving SI, cross-slot scheduling is considered beneficial as a candidate scheme for UE power saving. A newly approved work item on UE power saving in L1 aspects would kick off 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

In this contribution, we provide our views on the aspects related to cross-slot scheduling and identify some potential changes comparing with what has been supported by Rel-15.
2. Discussion 
Cross-slot scheduling in Rel-15
In NR Rel-15, flexible scheduling time-line is supported by a “time domain resource assignment (TDRA) field” in a scheduling DCI [2]. Upon detection of a DCI scheduling a PDSCH, UE would look up an entry in the corresponding TDRA table with the value of the TDRA field, so as to derive the time domain resource occupied by the PDSCH according to parameter of “K0”, “S”, and “L” of the entry. Among the three parameters, “K0” corresponds to a slot offset between the DCI and the PDSCH. That is to say, a PDSCH with K0 equal to 0 corresponds to same-slot scheduling and a PDSCH with a non-zero K0 corresponds to cross-slot scheduling. There are several TDRA tables supported in Rel-15 and depending on RNTI, search space type, and configuration, the UE could apply different TDRA tables. There are default tables which may depend on SSB and CORESET multiplexing pattern and used for PDSCH reception in case gNB does not provide any other configuration. It is possible for gNB to provide a cell-specific TDRA table via SIB1, which could be used for reception of PDSCH other than SIB1. Also, gNB could provide a UE-specific TDRA table to the UE via dedicated RRC signaling, which could be used PDSCH associated with UE-specific RNTI in UE-specific search space or some common search space. Similar mechanism is applicable to PUSCH, and  parameter “K2” is used as  a slot offset between the DCI and the PUSCH instead of “K0”.
Observation 1: In Rel-15, cross-slot scheduling is enabled by setting a non-zero K0/ K2 in a TDRA table.

Observation 2: There are a plurality of TDRA tables in Rel-15 and their applicability are different depending on RNTI, search space type, SSB and CORESET multiplexing pattern, or  gNB configuration.

Proposal 1: Framework of Rel-16 cross-slot scheduling considers a mechanism to adapt TDRA table as a starting point.
Power saving consideration in Rel-16
According to TR 38.840 [3], power saving gain of cross-slot scheduling is obtained by introducing sufficient time domain gap between DCI and its corresponding PDSCH/PUSCH when micro-sleep could be performed by the UE in between. That is to say, a UE does not need to buffer a potential PDSCH and/or be ready for PUSCH before PDCCH blind decode finishes, so that both active time and active frequency could be reduced if there is no scheduled traffic on-going expected by the UE. In the following, details related to this procedure are discussed.
A first question is whether “the sufficient time domain gap”, i.e. the minimum K0/ K2 among schedulable TDRA values, is a fixed value or a variable value depending on UE capability/status. The sufficient time domain gap needs to cover a series of adaptation, which involves several aspect related to UE capability, e.g. time required to decode PDCCH, time required to perform frequency adaptation. Therefore, it is more natural to adopt different values for different UEs to avoid jeopardize performance of more advanced UE, e.g. in the aspect of the latency. Also, in the previous study, even for a UE with a same capability, relaxing timing requirement could achieve extra power saving gain. Moreover, if there are more than one adaptation involved, it is possible for the UE to give up some adaptation which lose some power saving gain while reduce some latency. That is to say, there could be some trade-off between achievable power saving gain and introduced latency, and UE is in a better place to judge how the trade-off could be done, considering all possible factors (e.g. capability, power status, ongoing traffic, and so on). Therefore, we propose that UE should report to gNB what is the preferred value of the minimum K0/ K2 and gNB can take this into account when providing the corresponding configuration. It is possible that UE update its preferred value of the minimum K0/ K2, though we expect this update would be rather infrequent.
Proposal 2: For properly setting the minimum K0/ K2 for power saving, a UE would report its preferred minimum K0/ K2 to gNB.

A second question is how gNB informs UE the selected minimum K0/ K2 for power saving. One way is to directly configure entries of the UE-specific TDRA table so that the entry with minimum K0/ K2 in the UE-specific TDRA table is implicitly the minimum K0/ K2 for power saving. Though this option could be achieved with existing Rel-15 signaling design, we think it is a bit restrictive since every adaptation of cross-slot scheduling would involve reconfiguration of TDRA table. We expect switching between scheduling with/without constraint with minimum K0/ K2 for power saving purpose would be quite frequent. For example, when there is no traffic on-going, mostly PDCCHs are monitored while not detected, it is likely that constraint with minimum K0/ K2 achieving power saving should apply. On the other hand, if there is traffic on-going and anyway UE keep active for continuous reception, there is no motivation to apply such constraint with minimum K0/ K2 for power saving since UE may not have time to go to micro-sleep. Lower minimum K0/ K2 is then preferable to reduce the latency. Therefore another candidate is to configure a UE-specific TDRA table with minimum K0/ K2 less than the preferred minimum K0/ K2 for power saving, e.g. even allowing same-slot scheduling by the UE-specific TDRA table. The gNB would inform the UE which entries are applicable to the UE depending on the situation. Under the situation that cross-slot scheduling could achieve power saving, the gNB  would inform the UE that only part of entries among those configured in TDRA table, e.g. entries with minimum K0/ K2 no less than  the minimum K0/ K2 for power saving, would be applicable. Details of how the gNB inform/adapt the applicable entries of TDRA table to the UE can be further discussed.
Proposal 3: Minimum K0/ K2 for power saving is informed to the UE via:

· the entry with minimum K0/ K2 in the UE-specific TDRA table or 
· the entry with minimum K0/ K2 in the UE-specific TDRA table which is applicable at a given time
Proposal 4: RAN1 further discuss details of how to adapt the constraint of minimum K0/ K2 for power saving.
3. Conclusion

In this contribution, we discuss our view on the aspects related to cross-slot scheduling and have the following observation/proposals:

Observation 1: In Rel-15, cross-slot scheduling is enabled by setting a non-zero K0/ K2 in a TDRA table.

Observation 2: There are a plurality of TDRA tables in Rel-15 and their applicability are different depending on RNTI, search space type, SSB and CORESET multiplexing pattern, or  gNB configuration.

Proposal 1: Framework of Rel-16 cross-slot scheduling considers a mechanism to adapt TDRA table as a starting point.

Proposal 2: For properly setting the minimum K0/ K2 for power saving, a UE would report its preferred minimum K0/ K2 to gNB.

Proposal 3: Minimum K0/ K2 for power saving is informed to the UE via:

· the entry with minimum K0/ K2 in the UE-specific TDRA table or 

· the entry with minimum K0/ K2 in the UE-specific TDRA table which is applicable at a given time

Proposal 4: RAN1 further discuss details of how to adapt the constraint of minimum K0/ K2 for power saving.
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