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Introduction

In RAN1 #96bis, the following agreements were reached[1].

Agreements:

For an active DL and an active UL BWP, a UE can be indicated via signalling(s) from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured) where the signalling type is to be down-selected from:

Alt 1: MAC-CE based

Alt 2: L1 based
FFS: How to determine the minimum applicable value if explicit value is not provided.

Agreements:

Possible candidate indication methods to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP, where the indication method is to be selected from:

Alt 1: Indication of a subset of TDRA entries, e.g., bit-map based indication

Alt 2: Indication of one active table from multiple configured TDRA tables

Alt 3: Indication of the minimum applicable value

Note: Other option is not precluded

Note: PDCCH monitoring case 1-1 is prioritized for the design. 

FFS: Whether and how the minimum applicable K0 (or K2) value of the active DL (or UL) BWP is also applied to cross-BWP scheduling 

Agreements:

Possible candidate indication methods to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, where the indication method is to be selected from: 
Alt 1: Implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated

Alt 2: Indication of the minimum applicable value 
Note: Other option is not precluded

Note: PDCCH monitoring case 1-1 is prioritized for the design. 
In this contribution, the procedure of cross-slot scheduling power saving techniques is considered. 

Cross slot scheduling
Indication signaling
The essential core for cross-slot scheduling is that UE can know the minimum scheduling offset in advance before decoding of all PDCCH candidates. In RAN1 #96bis, MAC CE signal and L1 signaling are identified as two options as the indication signaling. Using MAC CE as an indication signal is easy to implement with limited specification impact. But it may cause higher latency to the system. For the option of using L1 based signaling, a good example is to use power saving signal as an indication signal. In this scheme, indicating the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset will be more dynamic.

Proposal 1: Using power saving signal to indicate the minimum offset value.
Indication content
Another issue is the signaling detail to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP. In RAN1 #96bis, the methods are shown as below.
Alt 1: Indication of a subset of TDRA entries, e.g., bit-map based indication

Alt 2: Indication of one active table from multiple configured TDRA tables

Alt 3: Indication of the minimum applicable value

Alt 1 causes larger signaling overhead because one TDRA table has up to 16 entries, so does the bit-map. Another disadvantage is that fewer entries are available when minimum value becomes larger. Alt 2 increases RRC signaling overhead a lot. In order to support more flexibility of minimum value candidates, the overhead can be increase dramatically. Since the minimum value is the essential parameter UE needs to know for cross slot scheduling, we prefer the simplest solution to indicate the minimum applicable value explicitly. 

Proposal 2: Support explicit indication of the minimum value to UE for cross slot scheduling.
Disabling of cross-slot scheduling 
To achieve power saving gain of cross-slot scheduling, the configured candidate values for scheduling offset indication is better to be larger than 0. It should allow gNB to dynamically disable cross-slot scheduling in case some urgent traffic that requires scheduling offset smaller than the configured minimum candidates.

To achieve this dynamic disabler, the following candidate methods can be considered.
Alt 1: When cross slot scheduling is enabled for a UE, a timer can be started, after timer expire, UE falls back to no-restriction scheduling.

Alt 2: Indication of disabling cross-slot scheduling is included through DCI

Alt 1 uses a timer to disable cross-slot scheduling. If the timer expires, cross-slot scheduling is disabled.

Alt 2 can be achieved by several ways. A simple example is to include a state in the DCI that indicates minimum offset value to be zero-offset. This state can be configured in the triggering states of power saving signal, or a reserved state in the field indicating minimum offset value.

The next issue is whether there would be some switch delay for after cross-slot is disabled. The delay is to give UE proper time for the adaptation.operation. We should carefully study this and involve RAN4 if needed. 

Proposal 3: Support disabling cross-slot scheduling dynamically.
How the scheduling DCI responds to the indication of minimum offset

From discussion above, UE will receive a L1 signaling indicating minimum offset. The minimum values are used to restrict the parameter K0/K2/AP-CSI-RS offset so that that UE can go to micro sleep with a proper time. To achieve this, it should define UE’s corresponding behavior on the scheduling DCI to the minimum offset value indication.

The following alternatives can be identified.

Alt 0: UE is not expected to be indicated a larger offset value in a scheduling DCI
Alt 1: A smaller offset value is re-interpreted the minimum offset value.
Between these two alternatives, Alt 0 is to restrict gNB indication, which would impact gNB’s implementation of scheduler, whereas Alt 1 does not need this impact. From network vendor point of view, we think the introduction of cross-slot scheduling should try to minimize the impact on the gNB’s hardware/software implementation. Hence our preference is Alt 1.
Proposal 4: In responding to the minimum offset value indication, an offset value indicated in scheduling DCI smaller than the smallest candidate minimum offset is re-interpreted as the minimum offset.
Indication of CSI-RS triggering offset

Bundle it with PDSCH or not

For indication of minimum value of aperiodic CSI-RS offset, the following alternatives are identified in last meeting. 

Alt 1: Implicit indication the minimum of aperiodic CSI-RS offset is the same as the minimum applicable K0 value.
Alt 2: Indicate the minimum of aperiodic CSI-RS offset separately.
In Alt 1, the minimum value of K0 is bundled with minimum value for aperiodic CSI-RS offset. In Rel-15, the available value of aperiodic CSI-RS offset is one of {0,1,2,3,4,16,24}, and the available value of K0 is one of {0,1,2...32}. Set the minimum value of aperiodic CSI-RS offset same with the minimum value of K0 may lead an unavailable value for aperiodic CSI-RS offset.
Alt 2 is more flexible. Considering the flexibility, it is more suitable to configure minimum value of K0 and aperiodic CSI-RS offset separately. 
K0 is a parameter configured per DL BWP while K2 is a parameter configured per UL BWP. Along with the logic of achieving flexibility, the minimum value of K0 and K2 should also configured separately. Hence, all the minimum values for trigger/scheduling offset should be configured separately.

To control DCI overhead, we can utilize RRC to configure a table(e.g., TABLE 1) including enabling/disabling of the cross-slot scheduling and determination of minimum offset value power saving signal is used to indicate one index from the table.

TABLE 1 minimum value configuration

	Index
	minimum value of K0
	minimum value of K1
	minimum value of K2
	minimum value of A CSI-RS offset

	1
	1
	/
	1
	/

	2
	2
	/
	1
	/

	3
	1
	2
	2
	3

	...
	...
	...
	...
	...

	N
	1
	/
	1
	1


In the table, ‘/’ means this minimum value is not configured, i.e., cross-slot scheduling is disabled for this particular offset parameter. 

Based on this, we can achieve the flexibility of dynamic enabling/disabling cross-slot scheduling and control the DCI overhead.

Observation 1: Set the minimum value of aperiodic CSI-RS offset same with the minimum value of K0 may lead to an unavailable value. 
Proposal 5: Candidate minimum values should be configured separately for PDSCH, PUSCH and AP-CSI-RS to achieve flexibility.

Proposal 6: To reduce the overhead, power saving signal indicates an index of a table configured by RRC. The entries in the table include information of the minimum values.
From our previous simulation results [2] and TR [3], larger minimum value of K0 does not show significant benefit in power saving and may cause larger latency. Since a small minimum value (e.g.,1) has already get significant benefit with lower latency, the minimum value for K0 should be chosen carefully. To cope with flexible numerology, minimum value should be set associated with SCS. 

Proposal 7: The minimum value for K0 should be set as a small value which enables cross-slot scheduling but does not introduce significant latency.
Minimum value of aperiodic CSI-RS offset
In Rel-15, When QCL Type D configured, the value of aperiodic CSI-RS offset can be greater than 0 because it needs time to perform beam switching. The configuration of minimum value of aperiodic CSI-RS offset should also consider whether QCL Type D is configured to accommodate beam switching time for higher frequency bands. For CSI-RS without QCL Type D configured, the minimum value of aperiodic CSI-RS offset should be kept as small as possible to reduce latency. For CSI-RS with QCL Type D configured, the minimum value of aperiodic CSI-RS offset value should take beam switching time into account.
Proposal 8: For CSI-RS without QCL Type D configured, the minimum value of aperiodic CSI-RS offset should be kept as small as possible to reduce latency. For CSI-RS with QCL Type D configured, the minimum value of aperiodic CSI-RS offset value should take beam switching time into account.
Aperiodic SRS
SRS is only transmitted in the last 6 symbols in a slot. There are already several symbols between DCI and aperiodic SRS resource, the UE operation could be much relaxed. In addition, the offset value of SRS is associated with one resource set. And there are 2 bits and three triggering states at most in the DCI field for SRS request. If some offset values are disabled by the minimum offset value, the scheduling flexibility is much limited. Furthermore, there is neither power model nor evaluation for SRS transmission in SI phase. Hence the justification of supporting cross-slot scheduling for SRS is unclear. 
Proposal 9: We slightly prefer to not restrict the mininum offset value of aperiodic SRS.

Regarding MCS-C-RNTI

The utilization of MCS-C-RNTI or the high layer parameter mcs-Table is set to qam64LowSE indicates URLLC use cases, which is usually delay-sensitive traffic. Hence causing extra delay of using cross-slot scheduling is not suitable for this case. 
Proposal 10: Cross slot scheduling is not supported when DCI is scrambled with MCS-C-RNTI or high layer parameter mcs-Table is set to qam64LowSE.

Cross BWP scheduling

For cross-BWP scheduling, the target BWP’s TDRA table should be used. UE does not know a-priori which BWP it would be triggered to, in case there are more than one BWPs configured. If candidate values for minimum offset is configured per BWP, UE should always prepare to receive PDSCH after 
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 is the minimum value of K0 for BWP i. This would defeat the intention of having per-BWP configuration of per-BWP minimum offset. Hence it’s better to support the configuration of candidate minimum offset on a per-UE or per-cell basis.

Conclusion

In this contribution, we have the following observations and proposals:

Observation 1: Set the minimum value of aperiodic CSI-RS offset same with the minimum value of K0 may lead to an unavailable value. 
Proposal 1: Using power saving signal to indicate the minimum offset value.
Proposal 2: Support explicit indication of the minimum value to UE for cross slot scheduling.

Proposal 3: Support disabling cross-slot scheduling dynamically.
Proposal 4: In responding to the minimum offset value indication, an offset value indicated in scheduling DCI smaller than the smallest candidate minimum offset is re-interpreted as the minimum offset.
Proposal 5: Candidate minimum values should be configured separately for PDSCH, PUSCH and AP-CSI-RS to achieve flexibility.

Proposal 6: To reduce the overhead, power saving signal indicates an index of a table configured by RRC. The entries in the table include information of the minimum values.
Proposal 7: The minimum value for K0 should be set as a small value which enables cross-slot scheduling but does not introduce significant latency.
Proposal 8: For CSI-RS without QCL Type D configured, the minimum value of aperiodic CSI-RS offset should be kept as small as possible to reduce latency. For CSI-RS with QCL Type D configured, the minimum value of aperiodic CSI-RS offset value should take beam switching time into account.
Proposal 9: We slightly prefer to not restrict the mininum offset value of aperiodic SRS.

Proposal 10: Cross slot scheduling is not supported when DCI is scrambled with MCS-C-RNTI or high layer parameter mcs-Table is set to qam64LowSE.
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