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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions
After RAN WG1 #100 e-meeting, most aspects for cross-slot scheduling power saving are specified. There are still some remaining issues at least need to clarified, for example, the issues related to scheduling offset in cross-BWP scheduling, etc. This contribution discusses the remaining aspects of cross-slot scheduling enhancements in Rel-16.

2. [bookmark: _GoBack]Remaining aspects of cross-slot scheduling in Rel-16
2.1. Issues related to scheduling offset in cross-BWP scheduling
In the summary of last e-meeting, the feature lead gave a good way forward for issues related to scheduling offset in cross-BWP scheduling [1]. The way forward is as follows: 
	This email thread is to clarify cross-BWP scheduling, but there are somehow two related issues mixed. The general demand for cross-BWP scheduling is whether UE can have a proper time gap for changing the applied minimum scheduling offset restriction. There are two possibilities related to issue #1 and issue #2:
· Issue #1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling
· Some companies think the above proposal can ensure the time gap between PDCCH and PDSCH/PUSCH (K0min/K2min) for cross-BWP case, but some companies think the following agreement in RAN1 #97 only applies to an active BWP, not covering the cross-BWP case. For the time gap, there are still BWP switch delay and the application delay to accommodate UE adaptation. 
	Agreements (RAN1 #97):
When UE is indicated of the minimum applicable value of K0 (K2) for an active DL (UL) BWP, the application method to the selection of a DL (UL) TDRA entry is to be decided from:
● An entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s)


· Since there is no interpretation ambiguity for same-BWP case, whether to agree the proposal can base on whether BWP switch delay and the application delay are sufficient to accommodate UE adaptation. Note that type-1 BWP switch delay for 120kHz SCS is only 6 slots while K0min/K2min can be set to 16 slots (considering some cross-carrier scheduling case). Also the application delay is determined by K0min, and there may be concern for active UE BWP change where K2min of source BWP is larger than K0min. On the other hand, type-2 BWP delay for 120k Hz SCS is 18 slots, which is able to accommodate all possible K0min/K2min setting.
· Note: Some companies raised the concern in reduced power saving gain if current active minimum scheduling offset restriction cannot be fulfilled in the case of cross-BWP scheduling. UE cannot know currently scheduling DCI is same-BWP scheduling or cross-BWP scheduling before finish the decoding. Therefore, UE processing timeline can only follow the worst case which will be cross-BWP scheduling case when UE reported BWP switch delay is smaller than currently active minimum scheduling offset restriction.
· There are two possible ways forward: 
· Alt 1: Agree; TP is needed to clarify how K0min/K2min of source BWP is applied to target BWP of cross-BWP scheduling
· Alt 2: Disagree; TP to clarify the applied K0min/K2min only for an active BWP, not covering cross-BWP case
· Alt 3: Disagree; but agree that there should be additional factor(s) for cross-BWP scheduling restriction (in addition to Rel-15 BWP switch delay). Further discuss the factor(s) (e.g. based on the currently active application delay, etc).

· Issue #2: Whether and how to decide the applied minimum scheduling offset restriction for the slots after BWP switch and before the application delay is ended. 
· While there is debate in whether the applied K0min/K2min can cover cross-BWP case, there is common understanding change of the applied minimum scheduling offset restriction should be subject to an application delay X (as quoted below). 
	Agreements (RAN1 #98b):
● With application delay, X, for adaptation to the indicated minimum applicable K0/K2 value(s) for a scheduled cell triggered by the 1-bit indication of a DCI format 1-1 or 0-1 with in the scheduling cell,
               o UE receives DCI of the change indication in slot n of the scheduling cell
               o UE can be scheduled with the indicated minimum applicable K0/K2 value(s) for PDSCH/PUSCH on the scheduled cell in a DCI in slot (n + X) of the scheduling cell


· By treating the scheduling DCI triggering active BWP change as a change indication (due to referring the configuration of a different BWP), the application delay can provide a time gap for UE to change the applied restriction, which also resolves the case with small BWP switch delay. But, for the slots after BWP switch and before the application delay is ended, there are several possibilities for the applied minimum scheduling offset restriction: 
· Alt 1: Scaled K0min/K2min from source BWP: There may reuse the TP for issue #1 if the proposal is agreed
· Alt 2: The indicated K0min/K2min in target BWP: This is effectively to say only BWP switch delay is considered even when the application delay is longer. TP may be needed to clarify it.
· Alt 3: The lowest-indexed RRC configuration of target BWP (some company think it belongs to the following agreement): TP needed for specifying the UE behavior
	Agreements (RAN1 #98b):
For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0 (K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP before the 1-bit indication is received within the BWP is determined by
● Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured


·  Alt 4: UE implementation (Some companies think it is corner case that network can avoid): A conclusion can be decided independent from issue #1 and no TP needed.



· Issue #1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling 
Case 1: BWP delay is larger than or equal to the active minimum scheduling offset
If UE reports Type-2 BWP switch delay, and the active minimum scheduling offset is larger than the BWP switch delay, UE cannot be scheduled DL/UL data until BWP switch is finished. In this case, the currently active minimum scheduling offset restriction takes effect in the case of cross-BWP scheduling. There is no issues in this case.

Case 2: BWP delay is smaller than the active minimum scheduling offset
The reason for case 2 may be due to UE reports a very short BWP switch delay (e.g., type 1 BWP switching delay of 6 slots for 120KHz SCS). With this regard, the active minimum scheduling offset (e.g., 10 slots for 120KHz SCS) is larger than the BWP switch delay. And after the BWP switch delay, UE need to be ready for transmitting/receiving UL/DL data in the 7th slot, if the currently active minimum scheduling offset restriction does not take effect. On the other hand, if the currently active minimum scheduling offset restriction takes effect, UE need not to be ready for transmitting/receiving UL/DL data until the 10th slot, i.e., the UE processing timeline is relaxed.
There is concern raised by companies that if currently active minimum scheduling offset restriction does not apply in the case of cross-BWP scheduling, UE cannot save power because that UE cannot know it is cross-BWP or same-BWP scheduling until the DCI is decoded. Therefore, UE processing timeline can only follow the worst case which will be cross-BWP scheduling case when UE reported BWP switch delay is smaller than currently active minimum scheduling offset restriction. The concern is mainly related to Type-1 BWP switch delay, and we should note that type-1 is not a typical UE capability. The concern cannot fully solved by joint consideration of BWP switch delay and the application delay. 
We think BWP switch delay value (both Type 1 and Type 2) is defined assuming same-slot scheduling in RAN4, i.e., fast PDCCH decoding.  In case of cross-slot scheduling and relatively slow PDCCH decoding, the BWP switch delay need to be revisited. Enlarging the BWP switch delay for cross-slot scheduling has the same effect as applying the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling.
Observation 1: If UE reports capability of Type-1 BWP switch delay, the BWP delay may be smaller than the active minimum scheduling offset especially for FR2, and there is concern that UE cannot save power effectively when currently active minimum scheduling offset restriction does not apply in the case of cross-BWP scheduling. If UE reports capability of Type-2 BWP switch delay, most likely there is no issue. 
If UE reports capability of Type-1 BWP switch delay and the BWP delay is smaller than the active minimum scheduling offset, when applying the current active minimum scheduling offset restriction in the case of cross-BWP scheduling, UE may save power more effectively.  However, this will introduce some delay around the BWP switch. On the contrary, when not applying the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling, UE may not save power more effectively but can have no impact on performance of BWP switch. This is a tradeoff between UE power saving and performance of BWP switch.

Observation 2: Regarding whether to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling or not, it is a tradeoff between UE power saving and performance of BWP switch.

Proposal 1: For Issue #1: whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling, the final choice should make sure that UE can save power by cross-slot scheduling enhancement in both same-BWP scheduling and cross-BWP scheduling. Before the concern is fully solved, we slightly prefer Alt 1.

·  Issue #2: Whether and how to decide the applied minimum scheduling offset restriction for the slots after BWP switch and before the application delay is ended. 
For issue 2, as discussed above, it happens only in Case 2 where BWP delay is smaller than the active minimum scheduling offset. Case 2 is not a common case. For simplicity and feasibility, both Alt 3 and Alt 4 are fine. To minimize the spec impact, Alt 4 is preferred.
Proposal 2: For Issue #2: Whether and how to decide the applied minimum scheduling offset restriction for the slots after BWP switch and before the application delay is ended, Alt 4 is preferred to minimize the spec impact. 

2.2. Invalid TDRA entry received in a DCI
The following is agreed for handling invalid entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum K0 (K2). 
	Agreements:
When UE is indicated of the minimum applicable value of K0 (K2) for an active DL (UL) BWP, the application method to the selection of a DL (UL) TDRA entry is to be decided from:
· An entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s) 



The aforementioned case can be occurred for the following case, e.g., when UE missed the last scheduling DCI which contains indication for minimum K0 (K2), an entry in the active DL (UL) TDRA table with K0 (K2) value can be smaller than the indicated minimum. 

Issue 1: Whether the minimum K0/K2 take effect in case of invalid TDRA entry is received in a DCI?
Although the UE may not be able to decode PDSCH successfully, however, when the PDCCH is successfully decoded, a follow up issue is that whether UE applies the minimum K0/K2 when there is an invalid entry in the active DL (UL) TDRA table with K0 (K2) value? If UE does not apply the minimum K0/K2 in DCI in case of invalid entry, gNB cannot know this and will schedule data according the indicated minimum K0/K2. Hence such error propagation happens quite a while. Otherwise, if UE apply the minimum K0/K2 in DCI in case of invalid entry, the UE can recovery from the last DCI missing as soon as possible.
Observation 3: UE applies the minimum K0/K2 value when PDCCH is successfully decoded, irrespective the entry in the active DL (UL) TDRA table with K0 (K2) value from the scheduling DCI is smaller than the active minimum applicable K0/K2 value prior to the change indication. 

Issue 2: whether UE need to falls back to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table?
When UE receives an entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum, UE may assume that it missed the last scheduling DCI which contains indication for minimum K0 (K2). There is a misalignment period between gNB and UE until UE receives another DCI indicating a new minimum scheduling offset. However, if fallback DCI (DCI format 1_0 and 0_0) is configured, there is no 1-bit indication for minimum scheduling offset. The worst case is that UE may not receive a DCI format 1_1 or 0_1 for a long time. Then the misalignment period between gNB and UE will last long. This may cause UE failed to decode PDSCH due to not buffering data in time. One solution is that UE falls back to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table in this case.
Proposal 3: UE applies lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table at least in fallback DCI.

Text proposals:
	
5.1.2.1	Resource allocation in time domain
…
When the UE configured with [minimumSchedulingOffset] in an active DL BWP it applies a minimum scheduling offset restriction indicated by the [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1. When the UE configured with [minimumSchedulingOffset] in active DL BWP and it has not received [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1, UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to receive a PDSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with K0 smaller than the applicable minimum scheduling offset restriction K0min. The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI in common search space associated with CORESET0 and default PDSCH time domain resource allocation is used or when PDSCH transmission is scheduled with SI-RNTI or RA-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1. UE applies to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table in DCI format 1_0.
6.1.2.1	Resource allocation in time domain
…
When the UE configured with [minimumSchedulingOffset] in active UL BWP it applies a minimum scheduling offset restriction indicated by the [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1. When the UE configured with [minimumSchedulingOffset] in active UL BWP and it has not received [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1, the UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to transmit a PUSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with K2 smaller than the applicable minimum scheduling offset restriction K2min in slot n. The minimum scheduling restriction is not applied when PUSCH transmission is scheduled by RAR UL grant for RACH procedure, or when PUSCH is scheduled with TC-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1. UE applies to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table in DCI format 0_0.




2.3. Indication collision for DCI format 1-1 or format 0-1 
According to the current agreements, both DCI format 1-1 and format 0-1 can have the 1-bit indication to indicated minimum K0/K2. UE can follow received DCI format 1-1 or format 0-1 to adapt the minimum K0/K2. UE performs blind decoding of all PDCCH candidates in e.g., one CORESET and receives one DCI format 1-1 and one DCI format 0-1. However, the 1-bit indications in DCI format 1-1 and DCI format 0-1 indicates different values. This case, i.e., UE receiving at the same time DCI format 1-1 and format 0-1 with different 1-bit indications is regarded as an error case. 
Proposal 4: UE is not expected to receive at the same monitoring occasion DCI format 1-1 and format 0-1 with different 1-bit indications. 

Text proposals:
	
[bookmark: _Toc11352084][bookmark: _Toc20317974]5.1.2.1	Resource allocation in time domain
…
When the UE configured with [minimumSchedulingOffset] in an active DL BWP it applies a minimum scheduling offset restriction indicated by the [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1. When the UE configured with [minimumSchedulingOffset] in active DL BWP and it has not received [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1, UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to receive a PDSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with K0 smaller than the applicable minimum scheduling offset restriction K0min. The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI in common search space associated with CORESET0 and default PDSCH time domain resource allocation is used or when PDSCH transmission is scheduled with SI-RNTI or RA-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1.
UE is not expected to receive different [‘Minimum applicable scheduling offset indicator’] value indicated by DCI format 1_1 and format 0_1 at the same monitoring occasion.



2.4. Cross-slot/same-slot scheduling and power saving channel for CDRX
In Rel-16, PDCCH based power saving signal/channel is introduced to indicate UE whether or not to skip PDCCH monitoring in the upcoming DRX OnDuration. When data arrived, gNB will send power saving signal/channel to UE, and it is beneficial to allow UE to exploit same-slot scheduling to have a quick data delivery. When all the data transmission is completed, gNB can indicate UE to apply cross-slot scheduling to save power. So it is proposed that upon UE detect PS-PDCCH indicating UE to wake up in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network.
If PDCCH based power saving signal/channel is not configured for CDRX, in onduration timer, upon UE receives a new transmission, the DRX-activity timer is started, and it is beneficial for UE to adapt to same-slot scheduling. This mechanism can be switched on/off by network.
Proposal 5: Upon detecting PDCCH WUS indicating UE to wake up in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network.
Proposal 6: If PDCCH WUS for CDRX is not configured, upon UE receives new transmission in DRX OnDuration, UE automatically switch to same-slot scheduling. This mechanism can be switched on/off by network.

3. Conclusion
This contribution discusses the remaining aspects of cross-slot scheduling power saving techniques, and have the following observations and proposals. 
Observation 1: If UE reports capability of Type-1 BWP switch delay, the BWP delay may be smaller than the active minimum scheduling offset especially for FR2, and there is concern that UE cannot save power effectively when currently active minimum scheduling offset restriction does not apply in the case of cross-BWP scheduling. If UE reports capability of Type-2 BWP switch delay, most likely there is no issue. 
Observation 2: Regarding whether to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling or not, it is a tradeoff between UE power saving and performance of BWP switch.
Proposal 1: For Issue #1: whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling, the final choice should make sure that UE can save power by cross-slot scheduling enhancement in both same-BWP scheduling and cross-BWP scheduling. Before the concern is fully solved, we slightly prefer Alt 1.
Proposal 2: For Issue #2: Whether and how to decide the applied minimum scheduling offset restriction for the slots after BWP switch and before the application delay is ended, Alt 4 is preferred to minimize the spec impact. 
Observation 3: UE applies the minimum K0/K2 value when PDCCH is successfully decoded, irrespective the entry in the active DL (UL) TDRA table with K0 (K2) value from the scheduling DCI is smaller than the active minimum applicable K0/K2 value prior to the change indication. 
Proposal 3: UE applies lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table at least in fallback DCI.
Proposal 4: UE is not expected to receive at the same monitoring occasion DCI format 1-1 and format 0-1 with different 1-bit indications. 
Proposal 5: Upon detecting PDCCH WUS indicating UE to wake up in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network.
Proposal 6: If PDCCH WUS for CDRX is not configured, upon UE receives new transmission in DRX OnDuration, UE automatically switch to same-slot scheduling. This mechanism can be switched on/off by network.

The related text proposals are given below:
------------------------------------------------------------------------------------------------------------------------------------
5.1.2.1	Resource allocation in time domain
…
When the UE configured with [minimumSchedulingOffset] in an active DL BWP it applies a minimum scheduling offset restriction indicated by the [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1. When the UE configured with [minimumSchedulingOffset] in active DL BWP and it has not received [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1, UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to receive a PDSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with K0 smaller than the applicable minimum scheduling offset restriction K0min. The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI in common search space associated with CORESET0 and default PDSCH time domain resource allocation is used or when PDSCH transmission is scheduled with SI-RNTI or RA-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1. UE applies to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table in DCI format 1_0.
UE is not expected to receive different [‘Minimum applicable scheduling offset indicator’] value indicated by DCI format 1_1 and format 0_1 at the same monitoring occasion.
6.1.2.1	Resource allocation in time domain
…
When the UE configured with [minimumSchedulingOffset] in active UL BWP it applies a minimum scheduling offset restriction indicated by the [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1. When the UE configured with [minimumSchedulingOffset] in active UL BWP and it has not received [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1, the UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to transmit a PUSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with K2 smaller than the applicable minimum scheduling offset restriction K2min in slot n. The minimum scheduling restriction is not applied when PUSCH transmission is scheduled by RAR UL grant for RACH procedure, or when PUSCH is scheduled with TC-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1. UE applies to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table in DCI format 0_0.
------------------------------------------------------------------------------------------------------------------------------------
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