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Introduction
In RAN plenary #83, TR 38.840 [2][1] for UE power saving study was approved and the study item was concluded. It was observed and concluded that cross-slot scheduling can be beneficial for UE power saving, and in the same meeting, the WID [3] was approved and the procedure of cross-slot scheduling power saving techniques is to be specified.
Considerations for cross-slot scheduling power saving have been discussed during UE power saving study item and summarized in TR 38.840. The following is an excerpt from the TR:
· Cross-slot scheduling    
· Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing
· UE assistance information can be considered
· The general procedure for the study of the power saving scheme when cross-slot scheduling is used 
·  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
· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.
· All aperiodic CSI-RS triggering offsets are not smaller than the value x
· UE decodes PDCCH and retrieves the index of schedulable TDRA values
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA values
· Note: DRX cycle assumed in the evaluation results summarized in the table below is not necessary long DRX cycle; detailed DRX cycle assumption can be found in each reference
· The following table is subject to further update, particularly regarding evaluation results/assumptions
Based on the observations and conclusions in the TR, our view is that at least the following aspects can be considered for specification during work-item phase:
· At least the minimum k0, A-CSI triggering offset, and k2 should be considered to implement cross-slot scheduling for power saving
· Minimum k0 >= x, minimum k2 >= x, where x>0
· Minimum A-CSI triggering offset >= x
· The supported values of x should be determined and a value greater than 1 is not precluded.
· Power saving can be achieved by extending “microsleep” by expediting the entrance to it, and/or reducing the PDCCH processing power consumption
· There is no strict definition for “microsleep”. Common understanding is that it should at least allow RF and front-end to go into low power state, as well as potentially some other modem hardware, but PDCCH processing from captured Rx samples may still be done concurrently
· Cross-slot scheduling adaptation means the value of x can be adapted by signaling. Furthermore, adapting x to different values can be referred to as adapting the “degree” of cross-slot scheduling. When the value of x is zero, it is referred to as same-slot scheduling.
· Consideration for cross-carrier scheduling and/or joint consideration with BWP is not precluded

Further agreements were made in RAN1 #96bis. In this contribution, the remaining issues of cross-slot scheduling specification will be discussed.

Discussion
[bookmark: _Ref7812842][bookmark: _GoBack]Signaling schemes for cross-slot scheduling adaptation
Rel-15 can already support some form of cross-slot scheduling power saving techniques with the BWP adaptation framework. TDRA table can be configured to have different minimum k0 across BWP, and by switching BWP, the minimum k0 can be adapted. If an A-CSI triggering state contains QCL Type-D information, the A-CSI triggering offset can be set to non-zero. Only for the case if none of the A-CSI triggering states contain QCL Type-D information, that the A-CSI triggering offset has to be fixed to zero and the benefit of extending microsleep and power saving cannot be attained. For Rel-15, no extra consideration was given to cross-BWP scheduling. 
Rel-15 can already provide limited support for cross-slot scheduling power saving. It would be more natural to enhance the feature for Rel-16 in a way that is compatible and harmonized with the Rel-15 design, while resolving all of the identified shortcomings and issues. At least, similar capability should be supported. If BWP switching can be used for minimum k0 or k2 adaptation in Rel-15, this should continue to be supported and can be enhanced for Rel-16.
[bookmark: _Toc7811982]Observation 1: Rel-15 can provide limited support for cross-carrier scheduling power saving. Cross-slot scheduling adaptation can be done with BWP switching.
[bookmark: _Toc7811983]Observation 2: For Rel-16, if cross-slot scheduling adaptation cannot be supported with BWP switching, it would introduce inconsistency with Rel-15 legacy support. Even worse, it may require additional specification work to remove the legacy support.

In RAN1 #96bis, the following agreements regarding signalling schemes for cross-slot scheduling were made:
	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 


Regarding the first agreement, and down-selection between MAC-CE based and L1 based signalling for adaptation of the minimum applicable values for k0/k2, etc, given that Rel-15 already provides limited support for adaptation of minimum k0/k2 by L1-signaling-based BWP switching, it would be more consistent to provide L1-based signalling support for adaptation of the minimum applicable values for Rel-16. If MAC-CE signalling were to be used, due to the higher latency, there would be more corner cases where the BWP could be switched by DCI (hence the minimum k0/k2 entry in the TDRA table may change) during a slower MAC-CE-based update of the minimum applicable values for k0/k2, etc. Such timing ambiguity and complication is not desirable.
Also, there has been some argument that cross-slot scheduling adaptation does not happen very frequently, so MAC-CE based signalling is sufficiently fast. Based on some analysis of traffic pattern, adapting cross-slot scheduling may still be beneficial on the order of once in several tens to hundreds of milliseconds. Use of MAC-CE-based signalling with latency of at least 3 millisecond and consumption of PDSCH resources still represents non-negligible overhead compared to L1-based signaling.
Based on above reasoning, we have the following proposal:
[bookmark: _Toc7811991]Proposal 1: For an active DL or an active UL BWP, a UE can be indicated via L1-based signaling from gNB to adapt the minimum applicable value(s) of k0, k2, and the triggering offset for other types of DCI-triggered reception/transmission (e.g for A-CSI and/or A-SRS) for cross-slot scheduling power saving.


Regarding the second agreement, and down-selection of the indication methods to adapt the minimum applicable value of k0 (or k2) for an active DL (or UL) BWP, our preference can be broadly categorized as Alt-3: Indication of the minimum applicable value. However, instead of signaling the literal value of the minimum applicable value, L1-based signaling would indicate the selection of a value within a list of values configured through RRC. This helps to save the number of bits that need to be dynamically signaled and also improve robustness. For example, if there are only two configured values to select from, only one bit is needed for L1 signaling. On the other hand, one bit can only represent 0 or 1 as a literal value, and in many cases, minimum applicable value larger than 1 needs to be used, and more bits would be needed.
Our views towards Alt-1 is summarized in Appendix 5.2.1 and overall we do not think it is an efficient scheme. For Alt-2, it adds complexity to handle two TDRA tables, especially given the fact that a lot of discussion is still needed for how the minimum applicable value is applied to different configured tables (common vs dedicated). For example, we do not think it is sensible to have two TDRA tables for the common table, but this would introduce other issues that may erase the power saving benefit. In addition, we think that the minimum applicable value is the essence of the mechanism and it is the most straight forward to signal the value(s) directly. There was concern that by choosing Alt-3, the current 16-entry TDRA table may need to be augmented, leading to TDRA bit field size increase and impact to DCI format. But we think the current size should be sufficiently large and no table augmentation should be needed. Also, using BWP adaptation to help with cross-slot scheduling adaptation also alleviates the table bottleneck because, effectively, each BWP adds another TDRA table.

Instead of separately discussing the minimum applicable value for each parameter, e.g. k0, k2, A-CSI triggering offset, etc, we think the slot offset governing DCI-based DL scheduling/triggering should be grouped together and signaled as a single parameter, which we referred to as the “minimum DL scheduling offset”; The slot offset governing DCI-based UL scheduling/triggering should be grouped together and signaled as a single parameter referred to as the “minimum UL scheduling offset”. When it is not important to discern the DL vs UL parameter or when it is clear from the context, it can be generally referred to as the “minimum scheduling offset”.
For a DL BWP, one or more minimum scheduling offset value(s) can be configured. The minimum scheduling offset is also referred to as the minimum applicable value for k0, and/or other DCI-triggered reception (e.g. A-CSI, to be discussed later in Section 2.1.2). For a UL BWP, one or more minimum scheduling offset value(s) can be configured. The minimum scheduling offset is also referred to as the minimum applicable value for k2, and/or other DCI-triggered transmission (e.g. A-SRS, to be discussed later in Section 2.1.3).
[bookmark: _Toc7811984]Observation 3: The minimum scheduling offsets for DL BWP and for UL BWP should be separately configured because the DL BWP and UL BWP may not necessarily share the same numerology, hence the offset values represented in slots may have to be different even if they may represent similar absolute time.

For the BWP with multiple minimum scheduling offset values configured, when the BWP becomes the active BWP, one minimum scheduling offset value is selected for use based on the following rule:
· There can be an initial minimum scheduling offset (which is designated as one of the configured minimum scheduling offsets) for the BWP. When the BWP becomes active, the initial minimum scheduling offset is implicitly selected for use.
· Alternatively, the minimum scheduling offset implicitly selected for use when the BWP becomes active can also be the value that was most recently selected for use when the BWP was last active. A default value still needs to be designated for the very first time the BWP becomes active after the BWP is (re)configured.
· The minimum scheduling offset selected for use can be updated by: (i) L1-based signaling to select another minimum scheduling offset (among the values configured for the BWP which is currently active), or (ii) BWP switch is triggered, and then based on how the minimum scheduling offset is determined initially for the target BWP.

[image: ]
Based on above framework, the minimum scheduling offset can be adapted either by BWP switching, or by L1-based signaling for selection of the value. The L1-based signaling can be further specified and using the PDCCH-based power saving channel, which is currently being specified, is preferred.

The second approach is to make minimum scheduling offset values configured per cell (instead of per-BWP). L1-based signaling is used to select the value currently in effect, and this is decoupled from BWP switching. One issue with this approach is that it neglects the fact that BWP switching also causes TDRA table switching, and extra care must be taken to ensure the combinations of the possible minimum scheduling offset and the possible TDRA tables do not result in scheduling problems (e.g. minimum DL scheduling offset is larger than all k0 values in TDRA table). Also, the benefits of associating power saving parameter configuration to a particular BWP (e.g. narrow BW, cross-slot scheduling) and high performance parameter configuration to another BWP (e.g. wide BW, same-slot scheduling) are evident. Therefore, BWP switch and cross-slot scheduling adaptation typically takes place simultaneously. For this approach to work, as minimum scheduling offset indication is independent of BWP, L1-signaling to adapt cross-slot scheduling should be sent aligned to the BWP switch. There could be issues when the L1-signaling for cross-slot scheduling adaptation and BWP switch triggering are not aligned, for example, after BWP switch, the TDRA table may have changed, but the L1-signal to change the minimum scheduling offset may not have been sent or applied yet.
If the system operates with only a single BWP, both approaches above are functionally identical. We prefer the first approach because it gracefully handles the multi-BWP case, while there is no extra complexity for the single-BWP case. We have the following proposals.
[bookmark: _Ref7728597][bookmark: _Toc7811992]Proposal 2: One or more minimum scheduling offset values (or referred to as the minimum applicable value for k0 and A-CSI triggering offset) can be configured per DL BWP. One or more minimum scheduling offset values (or referred to as the minimum applicable value for k2 and/or A-SRS triggering offset) can be configured per UL BWP.
[bookmark: _Toc7811993]Proposal 3: If more than one minimum scheduling offset values are configured for a BWP, one of the values is designated by configuration as the initial value to be implicitly selected for use when the BWP is activated. If only one minimum scheduling offset value is configured for a BWP, the value is implicitly designated as the initial value.
[bookmark: _Ref7728606][bookmark: _Toc7811994]Proposal 4: L1 signaling can indicate selection of a minimum scheduling offset value among the configured value(s) for the active DL (or UL) BWP. The selection can be indicated by an index into a list containing the configured values for the active DL (or UL) BWP.
[bookmark: _Toc7811995]Proposal 5: The PDCCH-based power saving channel monitored during active time can be considered for indication of the selection of the minimum scheduling offset.

Regarding how the minimum scheduling offset (referred to as the “threshold”) is applied to the indicated value (e.g. k0, k2, or A-CSI triggering offset associated with the indicated CSI resource set), if the indicated value is smaller than the threshold, several options exist but the most sensible ones are:
1. Error case: DCI indicating a value smaller than the threshold would be considered an error case
2. Adjustment by “flooring”: Use the threshold as the indicated value.

Option #1 basically means that the usage of the minimum scheduling offset is as a threshold check against the indicated k0/k2, and the scheduling DCI that indicates a k0/k2 smaller than the threshold would be “dropped”. The semi-statically configured TDRA tables should support a wide enough range of k0/k2 values to support the intended variation in the minimum scheduling offsets. For A-CSI triggering offset, given that there can be up to 6 bits to indicate a CSI-RS resource set, which can be individually configured with a triggering offset, there is enough degree of freedom to configure the CSI-RS resource sets with support for the intended variation in the minimum scheduling offsets.
For A-SRS, only up to two bits can be supported in the scheduling DCI, and there can only be 1 set for CB-based SRS, 1 set for NCB-based SRS. Overall, there may not be enough degrees of freedom to support a wide variety of the triggering offset configurations for very fine-grained adaptation. On the other hand, each BWP can have its own A-SRS resource sets targeting different minimum A-SRS triggering offset, and BWP switch can be used along with cross-slot scheduling adaptation to mitigate this issue.
It should be less error-prone to not allow the behavior of implicit adjustment of the indicated value (e.g. k0, k2, triggering offsets), and Option #1 is preferred.
[bookmark: _Toc7811996]Proposal 6: UE does not expect to detect a DCI indicating the relevant scheduling parameter (e.g. k0, k2, A-CSI/A-SRS triggering offset) that is smaller than the corresponding minimum scheduling offset.

Application to cross-BWP scheduling
Based on above proposal for Rel-16, during RRC connected state and if the cross-slot scheduling power feature is enabled, there can be only one minimum scheduling offset value being in effect for the currently active BWP. The minimum scheduling offset applies to same-BWP scheduling, to prevent scheduling/triggering of any DL reception earlier than the minimum scheduling offset with respect to the scheduling/triggering DCI. Next, we will consider whether and how the minimum scheduling offset is applied to cross-BWP scheduling.
In Rel-15, minimum scheduling offset is not explicitly signalled/configured. Instead, it is implicitly based on the TDRA table of the currently active BWP. Across the entries in the TDRA table, the smallest k0 value would define the minimum k0; Likewise, the smallest k2 would define minimum k2. However, because NW can issue cross-BWP scheduling DCI in any slot, when UE monitors PDCCH it does not know a-priori whether it would be issued same-BWP scheduling or cross-BWP scheduling. It is well known that cross-BWP scheduling also triggers active BWP switch, but more subtly, for cross-BWP scheduling, the TDRA indication in the scheduling DCI would be applied to the TDRA table of the target BWP. As a result, both the current BWP’s TDRA table and any potential target BWP’s TDRA table may need to be considered for minimum k0 (or k2) determination. If there are more than one BWP to switch to potentially, the TDRA tables of all of the non-active BWP should also be considered. It may be problematic to adapt the minimum k0 (or k2) value based on BWP switching. There is one remedy in Rel-15. In 38.213, Section 12, 
A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating respectively an active DL BWP or an active UL BWP change with the corresponding time domain resource assignment field providing a slot offset value for a PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an active DL BWP change or UL BWP change [10, TS 38.133].
Because it is required that the indicated slot offset value for cross-BWP scheduling has to be large enough to at least accommodate the BWP switch delay, it means the k0 (or k2) values less than the BWP switch delay in the TDRA tables of all of the non-active BWP can be ignored for minimum k0 (or k2) determination, because it would be an error for NW to schedule with those TDRA entries meanwhile triggering a corresponding BWP switch.
More succinctly, the minimum k0 that a UE has to be prepared to handle for PDSCH scheduled by DCI received in UE-specific search space can be expressed as the following:

where 
· min_k0(BWPx) is the minimum k0 across all entries in the TDRA table for BWPx, where x={0,…,numBWP-1}
· numBWP is the number of configured DL BWP
· Without loss of generality, BWP0 is assumed to be the current BWP
Above can be generalized to minimum k2 as well.
In TS 38.133, the following about BWP switch delay is specified:
For DCI-based BWP switch, after the UE receives BWP switching request at slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n+ TBWPswitchDelay.
In some sense, in Rel-15, BWP switch delay serves as a “filter” to block out the TDRA entries in other non-active BWP with k0 (or k2) smaller than TBWPswitchDelay. However, larger k0 (or k2) can “pass through the filter” and have to be considered for minimum k0 (or k2) determination. TBWPswitchDelay can be as small as 1 for Type 1 BWP switch delay with 15kHz SCS according to TS 38.133, so for this case, if minimum k0 greater than 1 is desired, there can be no other BWP configured with k0 >= 1 entries because only k0=0 entries are blocked out. This kind of consideration complicates cross-slot adaptation for power saving for Rel-15.
For Rel-16, it has been agreed to have more explicit control of the minimum k0 (or k2). Moreover, it can be extended to other DCI-triggered reception/transmission (e.g. A-CSI and/or A-SRS). Minimum applicable value(s) for k0 and A-CSI triggering offset can be explicitly signaled for a DL BWP (similarly, for k2 and UL BWP). Given that the main purpose of having more explicit control of minimum applicable value(s) is to restrict the smaller k0 and triggering offset values to help with power saving, it makes sense to apply the same restriction for cross-BWP scheduling. Otherwise, if the current set of minimum applicable values does not apply to cross-BWP scheduling, UE would always have to consider all possible target BWP when determining the minimum k0, etc, and this may handicap the ability to adapt the degree of cross-slot scheduling for power saving similar to Rel-15.
[bookmark: _Toc7811997]Proposal 7: The minimum scheduling offset currently in use is applied to same-BWP scheduling as well as cross-BWP scheduling.

In the example below, application of the minimum scheduling offset for same-BWP and cross-BWP scheduling is illustrated.


In the general case, DL (or UL) BWP may have different numerologies. k0 (or k2) is defined in terms of slots in the numerology of the scheduled PDSCH (or PUSCH). For cross-BWP scheduling, the current BWP and the scheduled PDSCH (or PUSCH) may have different numerology and slot duration. When applying the minimum scheduling offset to cross-BWP scheduling, it makes sense to convert to the numerology of the scheduled PDSCH (or PUSCH) and then apply the offset, so that the absolute time offset would be the same.
[bookmark: _Toc7811998]Proposal 8: For cross-BWP scheduling, in case the scheduled PDSCH (or PUSCH) has a different numerology than the current BWP, the minimum scheduling offset is converted according to the SCS ratio and then applied.

[bookmark: _Ref7798837]Application to A-CSI triggering offset
In RAN1 #96bis, the following agreements regarding A-CSI triggering for cross-slot scheduling power saving were made:
	Agreements:
· Regarding aperiodic CSI-RS triggering, at least if a UE is operated with cross-slot scheduling based power saving, 
· 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, specification allows the aperiodic CSI-RS triggering offset to be set to a non-zero value.

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. 


The first agreement addresses the issue with the A-CSI triggering offset being fixed to zero by specification if none of the associated triggering states contain QCL Type D information. After a lot of vigorous discussion in last meeting, it was agreed that non-zero triggering offset is needed for cross-slot scheduling power saving.
The second agreement pertains to the indication methods for adapting the minimum applicable value of the A-CSI triggering offset for an active DL BWP. Our view is that this indication method should be consistent with the method for indicating the minimum applicable value for k0. Our preference can be broadly categorized as Alt-2.
Our proposal is to unify the minimum applicable values for k0 and A-CSI triggering offset, into what is referred to as the “minimum DL scheduling offset” for a DL BWP. Similar to TDRA table which is BWP-specific, A-CSI triggering offset is associated with CSI-RS resource set configuration, which is also BWP-specific. The minimum A-CSI triggering offset is the smallest offset across the CSI-RS resource sets that can be dynamically indicated in the CSI request field in DCI format 0_1. Therefore, in Rel-15, the minimum A-CSI triggering offset can adapt by BWP switching (for the case non-zero triggering offset can be configured). Again, it would be undesirable to specify Rel-16 design that is not consistent with Rel-15 design. Therefore, Proposal 2 to Proposal 4 are also applicable to A-CSI triggering offset, as already discussed in the earlier section.

[bookmark: _Ref7798853]Application to A-SRS triggering offset
Consideration for A-SRS triggered by DCI was missed during study item phase, and in last meeting, multiple companies uncovered the issue and brought it up for discussion.
Regarding cross-slot scheduling for DL transmission, extending microsleep to start right after the last PDCCH symbol is possible only if all DCI-triggered reception as well as PDSCH scheduling are guaranteed to be cross-slot. The minimum applicable values for k0 and A-CSI triggering offset are introduced to guarantee this as well as to support adaptation.
Regarding cross-slot scheduling for UL transmission, the observation below was made [2][1]:
· Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing

Following the above spirit and by the same principle as DL reception, all DCI-triggered transmission should also be guaranteed to be cross-slot in order to achieve power saving. If one type of DCI-triggered transmission is allowed to be same-slot, fast PDCCH processing timeline would be required just to satisfy this one type of transmission. If the trigger for this type of transmission can happen in many slots, power saving could be severely compromised.
In Rel-15, non-zero A-SRS triggering offset value can be configured per SRS resource set. The main question is whether there should be an explicitly signalled minimum applicable value for it or not. Our view is that if A-SRS triggering offset is not handled in a similar way as k2, it would be a clear omission and should be regarded as a “loophole” or even a “bug” for the cross-slot scheduling feature. As we just started on the specification for the feature, we should make the right judgment with more weighting based on technical ground. It would be unfortunate if we specify the Rel-16 cross-slot scheduling feature and knowingly allow such a “loophole” / “bug” to exist. Moreover, closing this “loophole” / “bug” should be just a simple extension for the minimum applicable value mechanism to cover A-SRS triggering, and it should be feasible to finish the specification work within one meeting.
[bookmark: _Toc7811985]Observation 4: A-SRS triggering offset was an omission during cross-slot scheduling study item. The design objectives and principles concluded from the study item are sufficient to identify that the omission can be a problem for the cross-slot scheduling power saving feature, and give the direction for how to resolve it.
[bookmark: _Toc7811986]Observation 5: The specification work to extend minimum applicable value signaling to A-SRS triggering offset is straight-forward. If minimum applicable value signaling does not apply to A-SRS triggering offset, it should be considered a “bug” for the feature, despite some ways to workaround the issue may exist. 3GPP should not knowingly introduce a “bug” to a feature especially when it is still early in the specification phase.
In the unfortunate case that the group decides to knowingly omit the A-SRS triggering aspect for cross-slot scheduling, there could be some workarounds, including configuring the A-SRS triggering offset to be big enough for the potential minimum UL scheduling offset(s). UE implementation would be more complicated as it has to determine the minimum A-SRS triggering offset from all configured SRS resource set in order to determine the extent of PDCCH processing relaxation possible, instead of simply using the value of the minimum UL scheduling offset which is explicitly signalled.
In the discussion throughout this contribution, it is assumed that our proposals involving minimum scheduling offset also apply to A-SRS triggering offset. It can be seen that there is very little additional specification work to address the problem.

Exceptions for applying minimum scheduling offsets
In RAN1 #96bis, the following agreement and conclusion regarding exceptions for applying the minimum applicable value were made:
	Agreements:
· The adaptation on the minimum applicable value of K0 does not apply to at least the following cases:
	RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common



Conclusion:
Companies are encouraged to further investigate whether to apply the adaptation for at least the following cases:
· K0 related:
	RNTI
	PDCCH search space

	C-RNTI, CS-RNTI
	

	MCS-C-RNTI
	



· K2 related:
	RNTI
	PDCCH search space

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213

	C-RNTI, TC-RNTI, CS-RNTI
	

	MCS-C-RNTI
	





First, we discuss the considerations for the C-RNTI family for the K0 related cases. According to the spec [Section 5.1.2.1.1 in TS 38.214], there are some conditions with which the default TDRA table is used, some conditions with which the common TDRA table (pdsch-TimeDomainAllocationList in pdsch-ConfigCommon) is used, and some conditions with which the dedicated TDRA table (pdsch-TimeDomainAllocationList in pdsch-Config) is used. The conditions include whether the common and/or dedicated tables are configured, and also includes whether the DCI is monitored in a search space associated with CORESET #0 or with another CORESET.
It is evident from the spec that the dedicated TDRA table is not used for DCI monitored in search space associated with CORESET#0 for the C-RNTI family, even if the dedicated TDRA table is configured. The main motivation is that dedicated TDRA table is configured with UE-specific RRC signaling, and there could be a period of ambiguity when the table is being (re)configured. There should be a robust method to ensure DCI formats belonging to the C-RNTI family can still be useful for scheduling PDSCH and unaffected by the potential ambiguity period during RRC (re)configuration. This can be done by signaling in the search space associated with CORESET #0.
Given that RRC (re)configuration should not happen very frequently, most of the time, scheduling is done with DCI formats belonging to the C-RNTI family that are monitored in search space associated with CORESET other than CORESET #0. There is no issue with applying the minimum scheduling offset for this case.
If exception for applying the minimum scheduling offset is made for DCI formats belonging to the C-RNTI family monitored in search space associated with CORESET #0, the power saving objective for cross-slot scheduling cannot be achieved. For the objective of the feature, the exception simply cannot be made. However, if the minimum scheduling offset is applied to the DCI formats belonging to the C-RNTI family monitored in search space associated with CORESET #0, we have to ensure that the common TDRA table has enough flexibility to support the UE-specific minimum scheduling offset. It may not be always feasible to configure the common TDRA table with k0 which is larger enough for whatever the minimum scheduling offset could be. This issue can be circumvented by configuring a particular DL BWP (e.g. initial DL BWP) with the minimum scheduling offset small enough that can be supported by the common TDRA table. When NW determines that UE would need the robust signaling (e.g. due to RRC reconfiguration of the dedicated TDRA table), it can switch the UE’s BWP to the particular BWP to ensure robustness.
During offline discussion in last meeting, there was a view that MCS-C-RNTI targets low latency communication so scheduling done with this RNTI should be exempt from minimum scheduling offset application. We do not share this view for the following reasons:
· Even for low latency communication scenarios, UE may still want to save some power for the times when latency requirement can be relaxed a little.
· The low spectral efficiency MCS table associated with MCS-C-RNTI can also be used for applications that are performance, but not latency, sensitive.
· If latency is really critical all the time, NW should not configure or should disable the cross-slot scheduling power saving feature.

Based on above discussion, we have the following proposal:
[bookmark: _Toc7811999]Proposal 9: The minimum DL scheduling offset is applied to PDSCH-scheduling with DCI scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI, regardless of whether the search space where the DCI is monitored is associated with CORESET #0 or another CORESET, and regardless of whether pdsch-TimeDomainAllocationList is provided in pdsch-ConfigCommon and/or pdsch-Config or in none.
Please see the Appendix for an illustration of the above proposal.
Note that no exception is made for the case when the default TDRA table is used. Given that default table has very limited k0 range support besides zero, it may not seem to make sense that minimum scheduling offset should be applied. If the NW is serious about enabling the cross-slot scheduling power saving feature, it should provide a configured table instead of only using the default table. It is expected that NW would additionally configure the dedicated TDRA table to a UE for which the cross-slot scheduling power saving is enabled.

The case for PUSCH scheduling is simpler. The following proposal should suffice:
[bookmark: _Toc7812000]Proposal 10: No exception in terms of RNTI and search space for applying the minimum UL scheduling offset is needed.
The argument for no exception for MCS-C-RNTI is same as the DL case previously discussed.


Need for larger minimum scheduling offset values
In our discussion of the required minimum k0 value to extend microsleep, we generally assume that PDCCH processing for slot n would complete within the same slot. This assumption is reasonable if PDCCH monitoring Case 1-1 is considered, and/or if PDCCH monitoring periodicity is configured to one slot. With these assumptions, it is typically also true that a minimum k0 value of 1 slot should be sufficient to achieve the microsleep enhancement benefit.
However, for PDCCH monitoring Case 1-2 and/or 2, a minimum k0 value greater than 1 slot may be required to achieve the same microsleep enhancement benefit. The extreme case is if there is a PDCCH monitoring occasion at the end of slot n. If minimum k0 is 1 slot, this guarantees that the scheduled PDSCH would start in slot n+1, but the available time may be very tight for PDCCH processing. It would defeat the purpose of power saving if PDCCH processing needs to be accelerated in order to meet the PDSCH timeline. For this case, it is reasonable to use minimum k0 value of 2 slots so that PDCCH processing does not need to be accelerated and to reap the microsleep enhancement benefit.
In another scenario, PDCCH monitoring periodicity is configured to be larger than one slot. In this case, instead of budgeting one slot for PDCCH processing, it can be further relaxed if the minimum k0 (as well as k2, A-CSI triggering offset, etc) is greater than 1. For example, if PDCCH monitoring periodicity is 2 slots, further UE power saving is possible if the minimum k0 is set also to 2 slots (and similarly, the minimum k2 and A-CSI triggering offset should not be smaller), as illustrated in the following figure.


Above consideration also similarly applies to multi-slot scheduling as well as cross-carrier scheduling with different numerologies, when the PDCCH SCS is smaller than the PDSCH SCS.
Finally, a larger value of minimum scheduling offset would be beneficial for allowing additional hardware to remain in low power state. For example, in the context of cross-carrier scheduling, larger minimum scheduling offset would be desirable, so that the hardware associated with SCell processing can be in low power state until a cross-carrier grant is detected. The minimum scheduling offset should be large enough for the latency for bringing up hardware associated with SCell processing from low to high power state. In the context of self (i.e. same-carrier) scheduling, if the minimum scheduling offset is sufficiently large, the hardware associated with PDSCH (or PUSCH) processing can be in low power state until a DL (or UL) grant is detected. Rel-16 specification for cross-slot scheduling should consider all of the above beneficial use cases and support minimum scheduling offset values that are larger than one slot.
[bookmark: _Toc7812001]Proposal 11: Minimum DL/UL scheduling offset values greater than one slot should be supported.

In TS 38.331, it is specified that the maximum value for A-CSI triggering offset (aperiodicTriggeringOffset) is 24 slots. For A-SRS triggering offset, the maximum value is 32 slots. The maximum value for k0 and k2 is also 32 slots. There is enough range in k0, k2, triggering offsets and there is no need to raise the maximum value further.

With cross-carrier scheduling
According to current NR specification, search space configuration for cross-carrier scheduling is based on the currently active BWP on the scheduled carrier. There is a linkage rule for the search space defined for the scheduled carrier to that for the scheduling carrier. Similar to self-scheduling, the minimum k0 is determined based on the configured TDRA tables across all schedulable BWP on the scheduled carrier, along with any additional conditions such as BWP switch delay.
For the cross-carrier scheduling feature, there is an even stronger motivation for introducing explicit minimum scheduling offsets. If traffic on SCell is light, there could be long gaps of no scheduling on the SCell. UE may save more power by operating in lower power mode (e.g. at reduced clock / voltage for the baseband); It may even choose to suspend processing related to SCell while it is not being scheduled. However, for such power saving to be feasible, it would be a prerequisite to guarantee a relatively large scheduling delay from the scheduling carrier (e.g. PCell) to the scheduled carrier (e.g. SCell), such that there can be enough time for hardware to transition to higher power mode to process the scheduled operations on the SCell. Similar to self-scheduling, for Rel-15, to some degree, this can be achieved by careful configuration of minimum k0 across the BWP of the scheduled carrier. Explicit minimum scheduling offsets applied to cross-carrier scheduling would make the feature much more usable.


In above example, BWP0 of CC1 can be the “power saving BWP” as it is configured with a large minimum DL scheduling offset. It can be used most of the time when traffic is sparse. When there is more traffic, BWP1 of CC1 can become the active BWP and a smaller minimum DL scheduling offset can be used for lower latency.
On a related note, minimum DL scheduling offset for cross-carrier scheduling with different numerology is a promising proposal to resolve some of the issues in buffering requirement and causality processing requirement [4].[4]. In RAN#96, it was agreed that a positive scheduling time gap (i.e. “∆”) must be inserted between the end of PDCCH to the start of the scheduled PDSCH for the case the PDCCH SCS is smaller than the PDSCH SCS. The following is an example of minimum DL scheduling offset values (i.e. “x” in slots of the scheduled CC) for different SCS settings that may satisfy a moderately large minimum scheduling time gap (∆), for PDCCH position Case 1-1. The values in parentheses are the time margin from end of the PDCCH symbols on the scheduling carrier to the start of the corresponding PDSCH on the scheduled carrier; The end of PDCCH symbols is assumed to be the end of the 3rd symbol (worst case for Type A PDSCH allocation) and the start of the corresponding PDSCH is assumed to be at the start of the earliest slot satisfying the minimum value “x” for the scheduled carrier:
	Table 1. Example minimum scheduling offset value “x” (in slots of the scheduled CC)

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1 (285.7us)
	0
	
	

	60 kHz
	2 (285.7us)
	1 (142.9us)
	0
	

	120 kHz
	4 (285.7us)
	2 (142.9us)
	2 (196.4us)
	0


The values “x” can be adjusted (explicitly or implicitly) for PDCCH position Case 1-2 and 2 if PDCCH position later in the slot is supported for cross-carrier scheduling with different numerologies and is configured.
[bookmark: _Toc7811987]Observation 6: Explicit configuration/signaling of the minimum scheduling offsets can be a unified mechanism that works for both self-carrier scheduling and cross-carrier scheduling with same or different numerologies.
Minimum scheduling offset determination should be based on UE feedback (e.g. UE assistance or UE capability signaling), because the amount of scheduling delay that facilitates power saving is UE-implementation dependent. As discussed in [4], for the case of cross-carrier scheduling with different numerologies where the PDCCH SCS is smaller than the scheduled PDSCH SCS, determination of the minimum scheduling offset “x” needs to be based on UE capability.
[bookmark: _Toc7812002]Proposal 12: Minimum scheduling offset determination should be based on UE capability signaling and/or UE-assistance framework.

On the issue of whether k1 adaptation is in scope
At the beginning of the study item phase, k1 adaptation was considered as part of the UE processing timeline adaptation technique. Even til the December draft of the TR [1], it was discussed as a separate topic in Section 5.1.5 Adaptation to UE processing timeline. However, due to lack of interest and response on the topic, UE processing timeline adaptation is dropped out of discussion after December. It is evident that in the final approved TR [2], the topic of UE processing timeline adaptation is removed completely. In the entire TR, the only places where k1 is mentioned are in the evaluation assumption (of what k1 setting was assumed), and in UE assistance information. More importantly, throughout the entire study item, k1 adaptation was never incorporated as part of the cross-slot scheduling power saving topic.
[bookmark: _Toc7811988]Observation 7: HARQ-ACK timing (k1) adaptation was discussed during SI phase in another sub-topic, and the sub-topic was removed during the course of the SI. RAN1 was aware of this technique and it was agreed to be dropped due to insufficient interest. It was never part of the scope for cross-slot scheduling power saving during the SI phase. It follows that it should not be added into the scope for the cross-slot scheduling power saving agenda WI.
Technically speaking, HARQ-ACK timing relaxation and/or adaptation may have some power saving effects, but the source of the gain is very different from cross-slot scheduling power saving. Cross-slot scheduling power saving tries to take advantage of certain restriction on scheduling of PDSCH/PUSCH and potentially other DCI-triggered reception/transmission, and mainly involves PDCCH processing and microsleep timeline optimizations. HARQ-ACK is after PDSCH and while it may have some indirect effect on PDCCH processing as well, it is primarily affecting the PDSCH processing timeline. The group’s decision to address them in separate sub-topics initial in the study item makes sense and there is no justification to change it now.
During last meeting, some companies expressed the view that k1 and A-SRS discussion should be bundled together, i.e. if A-SRS can be added to the scope, then k1 should also be added. It is understood that they are bundled together not for technical reason, but for workflow reason for the SI/WI. However, it should be noted that the A-SRS issue was missed by all involved companies during SI discussion, and as the group work on the details of specification this issue was uncovered and reported by multiple companies. If we neglect this issue in the WI phase for cross-slot scheduling adaptation, it would be akin to consciously introducing a “bug” into the feature. On the other hand, HARQ-ACK (k1) adaptation was already considered during SI phase and the group made a conscious decision to drop it. The nature of the two issues are fundamentally different and should not be bundled together.

Conclusion
Observation 1: Rel-15 can provide limited support for cross-carrier scheduling power saving. Cross-slot scheduling adaptation can be done with BWP switching.
Observation 2: For Rel-16, if cross-slot scheduling adaptation cannot be supported with BWP switching, it would introduce inconsistency with Rel-15 legacy support. Even worse, it may require additional specification work to remove the legacy support.
Observation 3: The minimum scheduling offsets for DL BWP and for UL BWP should be separately configured because the DL BWP and UL BWP may not necessarily share the same numerology, hence the offset values represented in slots may have to be different even if they may represent similar absolute time.
Observation 4: A-SRS triggering offset was an omission during cross-slot scheduling study item. The design objectives and principles concluded from the study item are sufficient to identify that the omission can be a problem for the cross-slot scheduling power saving feature, and give the direction for how to resolve it.
Observation 5: The specification work to extend minimum applicable value signaling to A-SRS triggering offset is straight-forward. If minimum applicable value signaling does not apply to A-SRS triggering offset, it should be considered a “bug” for the feature, despite some ways to workaround the issue may exist. 3GPP should not knowingly introduce a “bug” to a feature especially when it is still early in the specification phase.
Observation 6: Explicit configuration/signaling of the minimum scheduling offsets can be a unified mechanism that works for both self-carrier scheduling and cross-carrier scheduling with same or different numerologies.
Observation 7: HARQ-ACK timing (k1) adaptation was discussed during SI phase in another sub-topic, and the sub-topic was removed during the course of the SI. RAN1 was aware of this technique and it was agreed to be dropped due to insufficient interest. It was never part of the scope for cross-slot scheduling power saving during the SI phase. It follows that it should not be added into the scope for the cross-slot scheduling power saving agenda WI.
Observation 8: TDRA entry selection does not address the general aspect of DCI-triggered signal reception/transmission (e.g. aperiodic CSI) for cross-slot triggering offset. It is not a complete solution.
Observation 9: To guarantee k0>=x using TDRA entry selection with multiple configured BWP, update to TDRA entry selection for the non-active BWPs may be needed, leading to extra signaling overhead.

Proposal 1: For an active DL or an active UL BWP, a UE can be indicated via L1-based signaling from gNB to adapt the minimum applicable value(s) of k0, k2, and the triggering offset for other types of DCI-triggered reception/transmission (e.g for A-CSI and/or A-SRS) for cross-slot scheduling power saving.
Proposal 2: One or more minimum scheduling offset values (or referred to as the minimum applicable value for k0 and A-CSI triggering offset) can be configured per DL BWP. One or more minimum scheduling offset values (or referred to as the minimum applicable value for k2 and/or A-SRS triggering offset) can be configured per UL BWP.
Proposal 3: If more than one minimum scheduling offset values are configured for a BWP, one of the values is designated by configuration as the initial value to be implicitly selected for use when the BWP is activated. If only one minimum scheduling offset value is configured for a BWP, the value is implicitly designated as the initial value.
Proposal 4: L1 signaling can indicate selection of a minimum scheduling offset value among the configured value(s) for the active DL (or UL) BWP. The selection can be indicated by an index into a list containing the configured values for the active DL (or UL) BWP.
Proposal 5: The PDCCH-based power saving channel monitored during active time can be considered for indication of the selection of the minimum scheduling offset.
Proposal 6: UE does not expect to detect a DCI indicating the relevant scheduling parameter (e.g. k0, k2, A-CSI/A-SRS triggering offset) that is smaller than the corresponding minimum scheduling offset.
Proposal 7: The minimum scheduling offset currently in use is applied to same-BWP scheduling as well as cross-BWP scheduling.
Proposal 8: For cross-BWP scheduling, in case the scheduled PDSCH (or PUSCH) has a different numerology than the current BWP, the minimum scheduling offset is converted according to the SCS ratio and then applied.
Proposal 9: The minimum DL scheduling offset is applied to PDSCH-scheduling with DCI scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI, regardless of whether the search space where the DCI is monitored is associated with CORESET #0 or another CORESET, and regardless of whether pdsch-TimeDomainAllocationList is provided in pdsch-ConfigCommon and/or pdsch-Config or in none.
Proposal 10: No exception in terms of RNTI and search space for applying the minimum UL scheduling offset is needed.
Proposal 11: Minimum DL/UL scheduling offset values greater than one slot should be supported.
Proposal 12: Minimum scheduling offset determination should be based on UE capability signaling and/or UE-assistance framework.
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Appendix
[bookmark: _Ref5090391]PDSCH time domain resource allocation
Table 5.1.2.1.1-1 of TS 38.214:
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	SI-RNTI
	Type0A common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	RA-RNTI, TC-RNTI
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	P-RNTI
	Type2 common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config



The shaded entries above are the cases where the proposed “minimum DL scheduling offset” would be applicable.


Alternative proposals
[bookmark: _Ref7812141]TDRA entry selection approach
It has been suggested that dynamic or semi-static selection of TDRA entries can be the mechanism to limit scheduling options known to the UE so that microsleep durations can be maximized. Because the configured values of k0 is part of the TDRA table, it has also been further suggested that this scheme can be used to facilitate cross-slot scheduling for power saving. While this looks convincing on the surface, careful examination of operation involving BWP operation reveals several issues.
TDRA tables are BWP specific; If there should be selection of TDRA entries for enabling/disabling, the selection would have to be BWP specific. The most sensible schemes would be to provide a list of the indices of the disabled entries, a.k.a. “disable-list”, or a bitmap corresponding to all the entries in the table and the bit position is associated with the index of the entry, and each bit indicates disable/enable status of the associated entry.
First, supporting dynamic/semi-static selection of TDRA entries does not address the A-CSI triggering offset issue, because TDRA is not used to determine CSI-RS timing. In general, the aspect of DCI-triggered signal reception/transmission supporting a cross-slot triggering offset for UE power saving is not addressed. On the other hand, supporting an explicit minimum scheduling offset parameter opens up some ways to address that issue as discussed in Section 2.1.
[bookmark: _Toc534920368][bookmark: _Toc7811989]Observation 8: TDRA entry selection does not address the general aspect of DCI-triggered signal reception/transmission (e.g. aperiodic CSI) for cross-slot triggering offset. It is not a complete solution.
Second, TDRA entry selection approach has some complications and inefficiency in supporting BWP operation (and applies equally to cross-carrier scheduling). Suppose the objective is to have minimum k0 not smaller than x for the current BWP, denoted as BWP0. Based on the approach of selection of TDRA entries, the “disable-list” should contain the indices of the entries with k0<x. However, suppose another BWP, denoted as BWP1, is configured with some TDRA entries smaller than x. Because it is possible that UE receives a cross-BWP scheduling DCI that triggers switch from BWP0 to BWP1, the TDRA table for BWP1 could come into play even when the active BWP is BWP0. To guarantee the scheduled k0 would be at least x, one way is to also disable the entries with k0<x for BWP1 by the “disable-list” for BWP1. Extending further, there can be another configured BWP, or even more. The same has to be done to each of the configured BWP’s “disable-list” just because k0<x should be disallowed when active BWP is BWP0. Suppose a switch to high power BWP occurs and k0>=x condition is no longer needed. Extra signaling overhead would be needed to update each and every BWP’s “disable-list”. On the other hand, the scheme described in Section Error! Reference source not found. requires no extra signaling overhead on top of the existing BWP switch signaling to support the same objective and operation. 
[bookmark: _Toc534920369][bookmark: _Toc7811990]Observation 9: To guarantee k0>=x using TDRA entry selection with multiple configured BWP, update to TDRA entry selection for the non-active BWPs may be needed, leading to extra signaling overhead.






2/9
image1.png
Adaptation

within

BWP <

(new L1

signaling) Adaptation

(Rel-15 BWP
switching)




image2.emf
PDSCH

K0=2

OK, for either same or cross-BWP 

scheduling

Multiple BWP:

BWP0: TDRA-configured k0 = {2}

BWP1: TDRA-configured k0 = {0, 2}

BWP switch delay = 1 slot

Minimum DL scheduling offset: 2 slot

Minimum DL scheduling offset: 0 slot

PDSCH

OR

BWP0

BWP1

PDSCH

K0=1

Not OK, even when BWP switch delay is 

satisfied

OR

BWP0

BWP1

PDSCH

K0=0

OK


oleObject1.bin
Minimum DL scheduling offset: 2 slot


PDSCH


K0=2
OK, for either same or cross-BWP scheduling


PDSCH


K0=1
Not OK, even when BWP switch delay is satisfied


PDSCH


Multiple BWP:


BWP0: TDRA-configured k0 = {2}


BWP1: TDRA-configured k0 = {0, 2}


BWP switch delay = 1 slot


Minimum DL scheduling offset: 0 slot


OR


BWP0


BWP1


OR


BWP0


BWP1


PDSCH


K0=0
OK



image3.emf
…...

Minimum 

scheduling 

offset = 0

PDCCH Periodicity = 2 slots

K0=0

…...

Minimum 

scheduling 

offset = 1

PDCCH Periodicity = 2 slots

Roughly proportional

to active power

PDCCH reception

DL grant decoded,

PDSCH reception

Legend:

…...

Minimum 

scheduling 

offset = 2

PDCCH Periodicity = 2 slots

K0=2

K0=1

PDCCH processing

w/o RF sleep

slot 

n

PDCCH processing

/w RF sleep

PDCCH processing in 

critical timeline (within 

slot n). RF cannot sleep 

until finished.

PDCCH processing 

timeline can be relaxed 

(up to slot n+1) and 

concurrent with RF sleep.

PDCCH processing 

timeline can be further 

relaxed (up to 2 slots) and 

concurrent with RF sleep.

slot 

n+1

slot 

n

slot 

n+1


oleObject2.bin
Text


…...


Minimum scheduling offset = 0


PDCCH Periodicity = 2 slots


K0=0


…...


Minimum scheduling offset = 1


PDCCH Periodicity = 2 slots


Roughly proportional
to active power


PDCCH reception


DL grant decoded,
PDSCH reception


Legend:


…...


Minimum scheduling offset = 2


PDCCH Periodicity = 2 slots


K0=2


K0=1


PDCCH processing
w/o RF sleep


slot 
n


PDCCH processing
/w RF sleep


PDCCH processing in critical timeline (within slot n). RF cannot sleep until finished.


PDCCH processing timeline can be relaxed (up to slot n+1) and concurrent with RF sleep.


PDCCH processing timeline can be further relaxed (up to 2 slots) and concurrent with RF sleep.


slot n+1


slot 
n


slot n+1



image4.emf
PDSCH

Cross-Carrier Scheduling

BWP0: TDRA-configured k0 = {3}

BWP1: TDRA-configured k0 = {1, 3}

BWP switch delay = 1 slot

Minimum DL scheduling offset: 3 slot

Minimum DL scheduling offset: 1 slot

CC0

PDSCH

BWP0

(active until 

Slot n+3)

BWP1

(active in Slot 

n+4 onwards)

PDSCH

K0=3

OK for 

BWP0

CC1

K0=1

Not OK, even when BWP 

switch delay is satisfied

K0=3

OK

Switch to 

BWP 1

Slot n Slot n+1 Slot n+2 Slot n+3 Slot n+4

PDSCH

K0=1

OK for 

BWP1


oleObject3.bin
PDSCH


Cross-Carrier Scheduling


BWP0: TDRA-configured k0 = {3}


BWP1: TDRA-configured k0 = {1, 3}


BWP switch delay = 1 slot


Minimum DL scheduling offset: 3 slot


Minimum DL scheduling offset: 1 slot


CC1


CC0


K0=1
Not OK, even when BWP switch delay is satisfied


PDSCH


PDSCH


BWP0
(active until Slot n+3)


BWP1
(active in Slot n+4 onwards)


K0=3
OK for BWP0


K0=3
OK
Switch to BWP 1


Slot n


Slot n+1


Slot n+2


Slot n+3


Slot n+4


PDSCH


K0=1
OK for BWP1



