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Introduction
In this contribution, we discuss the remaining issues regarding the adaptation of cross-slot scheduling, including
· Remaining issues on multi-BWP operation especially when BWP switch and minimum applicable scheudling offset change are indicated in the same scheduling DCI
· Clarification on successive update of minimum applicable scheduling offset in a very short period
Remaining issues on multi-BWP operation
In Rel-15, BWP switch can be triggered by DCI format 0_1/1_1. In Rel-16, 1-bit indication for minimum applicable scheduling offset in DCI format 0_1/1_1 can be used to dynamically indicate cross-slot scheduling adaptation for power saving. However, according to current agreements, it is not clear yet how the Rel-16 cross-slot scheduling adaptation scheme works with the BWP framework in the following aspects:
· Restriction on scheduling offset K0/K2 in scheduling DCI triggering BWP switch: 
· Option 1: based on the minimum applicable scheduling offset of scheduled BWP 
· Option 2: based on the minimum applicable scheduling offset of current active BWP of the scheduled cell
· Association of application delay and BWP switch delay

DCI-based BWP switch can be triggered via DCI format 0_1 and DCI format 1_1, where the bandwidth part indicator field is used to indicate the scheduled BWP. The meaning of the rest of DCI content, e.g., frequency domain resource assignment and time domain resource assignment fields, is conventionally interpreted based on the scheduled BWP. However, it needs to be specified whether the minimum applicable scheduling offset of the scheduled BWP or the current active BWP of the scheduled cell is used to restrict the scheduling offset K0/K2 in a scheduling DCI triggering BWP switch. As shown in Figure 1, a scheduling DCI in BWP0 schedules a PDSCH in BWP1. It is not clear the restriction on the scheduling offset in the DCI is based on the current active minimum applicable scheduling offset in BWP0, which is equal to 4, or the minimum applicable scheduling offset to be activated in BWP1, which is equal to 1.
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[bookmark: _Ref32309922]Figure 1: Example of cross-slot scheduling adaptation via BWP switch




In the following, we list the pros and cons when applying restriction based on the minimum applicable scheduling offset of the scheduled BWP or the current active BWP of the scheduled cell.

Option 1.	Based on the minimum applicable scheduling offset in current active BWP of the scheduled cell:
· Pros: 
· Relaxation of DCI processing time is only based on the minimum applicable scheduling offset of current active DL BWP
· Cons: 
· Need to convert the minimum applicable scheduling offset if the scheduled BWP and the current active BWP have different numerologies
· When the minimum applicable scheduling offset of the scheduling BWP is larger than all the entries in the TDRA table of the scheduled BWP after conversion, no entry in the TDRA table can be used. For example, if in Figure 1 the largest value for K0 in TDRA table of BWP1 is 2, there is no available K0 to be scheduled with if the minimum applicable K0 is 4.

Option 2.	Based on the minimum applicable scheduling offset in scheduled BWP:
· Pros:
· Can be directly applied to the TDRA table of the scheduled BWP
· Cons:
· DCI processing time should consider the minimum applicable scheduling offsets of scheduled BWP.

We prefer Option 2 because it is simpler and more straightforward. Some companies may have concern that the power saving gain is reduced because DCI processing time cannot be relaxed if the minimum applicable scheduling offsets of scheduled BWP are taken into account. However, in our view, the BWP switch delay guarantees sufficient time for DCI processing, and UE can still enjoy the power saving gain under such circumstances. Moreover, although it can be circumvented by proper network configuration, there is still a potential issue mentioned above that none of the entry in TDRA table can be used if the current active minimum applicable scheduling offset is larger than all the entries in  TDRA table of the scheduled BWP.

[bookmark: _Ref32582989]Observation 1: It is not straightforward to restrict the scheduling offset based on the minimum applicable scheduling offset of the scheduling BWP in a scheduling DCI triggering BWP switch. And when the minimum applicable scheduling offset of the scheduling BWP is larger than all the entries in TDRA table of the scheduled BWP, it cannot indicate scheduling offset K0/K2 for PDSCH/PUSCH in scheduled BWP properly.

[bookmark: _Ref32582997]Proposal 1: In a scheduling DCI triggering BWP switch, if the scheduled BWP is configured with minimum applicable scheduling offset(s), the restriction on the scheduling offset is based on the minimum applicable scheduling offset to be activated in the scheduled BWP, according to the 1-bit indication. Otherwise, when the scheduled BWP is not configured with minimum applicable scheduling offset(s), there is no restriction on the scheduling offset.

According to current specification or RAN1 agreements, it is not clear whether current formula for determining the application delay can still be applied when cross-BWP scheduling and minimum applicable scheduling offset change take place simultaneously. In some cases, the application delay derived from current formula may be larger than BWP switch delay and leads to ambiguity on active minimum applicable scheduling offsets. In our view, when BWP switch occurs, it is reasonable that the upper bound of application delay is the corresponding BWP switch delay because BWP-specific parameters should start functioning upon the completion of the BWP switch. Since the minimum scheduling offsets are configured per BWP, they should become active once the BWP switch completes. Therefore, there is no need to have application delay larger than BWP switch delay when BWP switch happens.

[bookmark: _Ref32583019]Observation 2: When scheduling DCI triggers BWP switch and minimum applicable scheduling offset change simultaneously, the application delay determined by current formula in TS 38.214 is possible to be larger than the corresponding BWP switch delay. In such case, the active minimum applicable scheduling offset K0/K2 is ambiguous after the BWP switch completes and before the application delay finishes.

[bookmark: _Ref32583053]Proposal 2: When a scheduling DCI triggers BWP switch and the 1-bit indicator field for adapting cross-slot scheduling exists, application delay is not defined. 1-bit indication for minimum applicable scheduling offset takes effect upon the completion of BWP switch. The text in Section 5.3.1 of TS 38.214-g00 is revised as follows.
------------------------------- Unchanged parts are omitted (Section 5.3.1 of TS 38.214-g00) ----------------------------------
When the DCI format 0_1 or 1_1 with [‘Minimum applicable scheduling offset indicator’] field is received outside the first [three] symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X.

When UE is scheduled with DCI format 0_1 or 1_1 triggering BWP switch and if the [‘Minimum applicable scheduling offset indicator’] field exists in the DCI, the value of application delay X is no longer than the corresponding BWP switch delay.
---------------------------------------------------- Unchanged parts are omitted ------------------------------------------------------

Successive update of minimum applicable scheduling offset
One issue regarding the adaptation of minimum applicable scheduling offset, e.g., K0/K2, is the ambiguity on active minimum applicable value when successive indication occurs in a short period. According to RAN1 agreements, the application delay is required for UE to finish the adaptation when minimum applicable value is changed. Since current specification does not exclude the possibility that UE is indicated a new change of minimum applicable value before the previously indicated value is applied, the ambiguity may exist. For example, as shown in Figure 2, assume two K0 values, e.g., (1, 4), are configured by higher layer signaling minimumSchedulingOffset for the active DL BWP. At slot N, the active minimum applicable K0 is indicated to change from 4 to 1 – denoted as Change #1. The new indicated value will take effect from slot N+4. Before the application delay of Change #1, UE is further indicated to change active minimum applicable K0 from 1 to 4 at slot N+1 – denoted as Change #2. Change #2 will be valid from slot N+5. After Change #1 takes effect, UE is indicated to change active minimum applicable K0 from 4 to 1 again at slot N+4 – Change #3. According to the application delay, Change #2 and #3 are both effective from slot N+5 and this results in the ambiguity on active minimum applicable K0. Whether previously indicated value is always overridden by the latest indicated one should be clarified. The following two options can be considered.
· Opt 1. Clarify that the new change of indication cancels the previous one when the indications take effect at the same time. That is, in above example, Change #3 will be valid from slot N+5.  
· Opt 2. UE does not expect to be indicated a new change of indication before the application delay of previous change of indication.

In our view, we slightly prefer Opt 2. Because the benefit of successive update of minimum applicable scheduling offset in a very short period is unclear. And it complicates the mechanism of cross-slot scheduling adaptation. Therefore, it is reasonable to not allow new indication of changing active minimum applicable scheduling offset before the previous one is applied.

[bookmark: _Ref32583062]Proposal 3: Adopt one of the following options when minimum applicable scheduling offset is updated successively in a short period.
· Opt 1. For the adaptation on the minimum applicable scheduling offset, clarify that the new change of indication cancels the previous one when the indications take effect at the same time.
· Opt 2. For the adaptation on the minimum applicable scheduling offset, UE does not expect to be indicated a new change of indication before the application delay of previous change of indication. The text in Section 5.3.1 of TS 38.214-g00 is revised as follows.
----------------------------- (Opt 2) Begin of text proposal in Section 5.3.1 of TS 38.214-g00 -------------------------------

When the UE is scheduled with DCI format 0_1 or 1_1 with a [‘Minimum applicable scheduling offset indicator’] field, it shall determine the K0min and K2min values to be applied, while the previously applied K0min and K2min values are applied until the new values take effect after application delay. Change of applied minimum scheduling offset restriction indication carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell. The UE does not expect to receive DCI format 0_1 or 1_1 with a minimum applicable scheduling offset indicator different from the previously applied K0min and K2min values before the application delay.

----------------------------- (Opt 2) End of text proposal in Section 5.3.1 of TS 38.214-g00 ----------------------------------
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[bookmark: _Ref32222693]Figure 2. Illustration of successive update of minimum applicable scheduling offset

Conclusions
In this paper, the remaining issues on cross-slot scheduling adaptation are discussed. The observations and proposals are listed as follows.

Observation 1: It is not straightforward to restrict the scheduling offset based on the minimum applicable scheduling offset of the scheduling BWP in a scheduling DCI triggering BWP switch. And when the minimum applicable scheduling offset of the scheduling BWP is larger than all the entries in TDRA table of the scheduled BWP, it cannot indicate scheduling offset K0/K2 for PDSCH/PUSCH in scheduled BWP properly.

Proposal 1: In a scheduling DCI triggering BWP switch, if the scheduled BWP is configured with minimum applicable scheduling offset(s), the restriction on the scheduling offset is based on the minimum applicable scheduling offset to be activated in the scheduled BWP, according to the 1-bit indication. Otherwise, when the scheduled BWP is not configured with minimum applicable scheduling offset(s), there is no restriction on the scheduling offset.

Observation 2: When scheduling DCI triggers BWP switch and minimum applicable scheduling offset change simultaneously, the application delay determined by current formula in TS 38.214 is possible to be larger than the corresponding BWP switch delay. In such case, the active minimum applicable scheduling offset K0/K2 is ambiguous after the BWP switch completes and before the application delay finishes.

Proposal 2: When a scheduling DCI triggers BWP switch and the 1-bit indicator field for adapting cross-slot scheduling exists, application delay is not defined. 1-bit indication for minimum applicable scheduling offset takes effect upon the completion of BWP switch. The text in Section 5.3.1 of TS 38.214-g00 is revised as follows.

------------------------------- Unchanged parts are omitted (Section 5.3.1 of TS 38.214-g00) ----------------------------------
When the DCI format 0_1 or 1_1 with [‘Minimum applicable scheduling offset indicator’] field is received outside the first [three] symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X.

When UE is scheduled with DCI format 0_1 or 1_1 triggering BWP switch and if the [‘Minimum applicable scheduling offset indicator’] field exists in the DCI, the value of application delay X is no longer than the corresponding BWP switch delay.
---------------------------------------------------- Unchanged parts are omitted ------------------------------------------------------

[bookmark: _GoBack]

Proposal 3: Adopt one of the following options when minimum applicable scheduling offset is updated successively in a short period.
· Opt 1. For the adaptation on the minimum applicable scheduling offset, clarify that the new change of indication cancels the previous one when the indications take effect at the same time.
· Opt 2. For the adaptation on the minimum applicable scheduling offset, UE does not expect to be indicated a new change of indication before the application delay of previous change of indication. The text in Section 5.3.1 of TS 38.214-g00 is revised as follows.
----------------------------- (Opt 2) Begin of text proposal in Section 5.3.1 of TS 38.214-g00 -------------------------------

When the UE is scheduled with DCI format 0_1 or 1_1 with a [‘Minimum applicable scheduling offset indicator’] field, it shall determine the K0min and K2min values to be applied, while the previously applied K0min and K2min values are applied until the new values take effect after application delay. Change of applied minimum scheduling offset restriction indication carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell. The UE does not expect to receive DCI format 0_1 or 1_1 with a minimum applicable scheduling offset indicator different from the previously applied K0min and K2min values before the application delay.

----------------------------- (Opt 2) End of text proposal in Section 5.3.1 of TS 38.214-g00 ----------------------------------
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