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Introduction
In this contribution, we discuss the remaining issues on cross-slot scheduling technique in R16. The main remaining issues are as follows.
· Cross BWP scheduling with minimum scheduling offset 
· Invalid TDRA Entry Indication
Cross Slot Scheduling in R16
Cross BWP Scheduling with Minimum Scheduling Offset
In R15, TDRA table was defined as per BWP configuration. So, UE which supports cross BWP scheduling should be able to support the most of entries in each of TDRA entries except those entries which cannot be scheduled due to BWP switching delay. Since UE requires non zero BWP switching delay for BWP switching, any TDRA entries in the target BWP which schedules PDSCH with a K0 value which is shorter than cross BWP switching delay is not expected to be scheduled during cross BWP scheduling.

With the introduction of minimum scheduling offsets, we have similar issue in cross BWP scheduling. The question is whether some entries of TDRA table in non-active BWP can be restricted based on minimum applicable value of the active BWP or not. Currently minimum scheduling offset is per-BWP parameter. However, when a BWP is not active, its configured minimum scheduling offset is not active either, which means that there is no restriction on TDRA table of the inactive BWP. This implies that even with an active minimum scheduling offset in an active BWP, it may not be applied to inactive BWP when cross BWP scheduling happens. The currently endorsed version of 38.214 [R1-1913660] has related description below which is colored yellow.

	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.




The current text does not mention anything about cross BWP scheduling case and applicability of minimum scheduling offset to TDRA table in target BWP. This needs to be clarified to make sure proper application of minimum scheduling offset to realize original intention of this technique.

Proposal 1
· Regarding the application of minimum scheduling offset to cross BWP scheduling case, make the description in 38.214 clear such that that minimum scheduling offset is also applied to target BWP during cross BWP scheduling.

In cross BWP scheduling context, the above proposal could be written in terms of TDRA table restriction as follows.

Proposal 2
· Restrict TDRA entries of non-active BWPs based on current minimum scheduling offset value in active BWP.

In applying minimum scheduling offset of active BWP to inactive BWP, there is another aspect to consider, which is the case of cross BWP scheduling between BWPs with different SCSs. If an active BWP and a target BWP have different SCS, then the absolute time duration corresponding to a given K0min in the active BWP is different from absolute time duration corresponding to the given K0min in target BWP. This is because the unit of K0min is slot which is independent of the SCS of a BWP. Here we give two examples for better understanding.

In example 1 below, two BWPs are configured with SCS 15kHz and 120kHz, respectively. The active BWP is BWP1 with K0min=8. In this case the any TDRA entries in BWP1 with K0<8 cannot be scheduled. This ensures a time gap between PDCCH and corresponding PDSCH of 8ms in data scheduling in active BWP. However, if current 38.214 text is directly applied to cross BWP scheduling case, then this ensures time gap between scheduling PDCCH and corresponding PDSCH in target BWP of 8 slot in SCS=120kHz, which is 2ms only in target BWP. This means that PDCCH processing should be finished before 2ms. Since PDCCH processing is limited by smallest absolute time duration of K0min in different SCSs, one cannot expect the desired power saving gain.

Example 1
· BWP1 – active BWP
· SCS=15kHz, K0min=8
· BWP2 – target BWP
· SCS=120kHz

In the example 2 below, the absolute minimum time duration between PDCCH and PDSCH in the same BWP scheduling is 2ms. However, for cross BWP scheduling, it is 8ms in target BWP. This configuration may introduce too large gap between PDCCH and PDSCH in cross BWP scheduling case from BWP1 to BWP2. In terms of power saving, this should be fine since PDCCH decoding relaxation is not affected by cross BWP scheduling. However, unnecessary scheduling delay is introduced due to literal interpretation of K0 value.

Example 2
· BWP1 – active BWP
· SCS=120kHz, K0min=8
· BWP2 – target BWP
· SCS=15kHz

The solution is simply to translate the K0min value to absolute time value and restrict schedulable K0 values in cross BWP scheduling in absolute time sense or, in other words, SCS should be considered in comparing indicated K0 value in cross BWP scheduling DCI and K0min in active BWP.

Proposal 3
· When applying current minimum scheduling offset of an active BWP to non-active BWPs, minimum scheduling offset of an active BWP is converted considering the numerology of BWPs.

Invalid TDRA Entry Indication
During R16 discussion, there has not much discussion regarding UE behavior in case unexpected K0 is indicated for a given active minimum scheduling offset. Here we discuss those error cases and UE behavior to handle these error cases.

After UE is enabled with cross slot scheduling technique, UE could receive DCI indicating one of the invalid entries of TDRA table. Depending on the minimum scheduling offset configuration, there are two cases.

1) One RRC configured minimum applicable value or two RRC configured minimum applicable value with one value equal to 0 (e.g., 0, T1)
a. Network can switch minimum applicable value between 0 and non-zero RRC configured value. If UE with current minimum scheduling offset of T1 receives an index for TDRA entries with K0 less than T1, then, it could mean that UE and network have different understanding on the current minimum applicable value. This indicates there could be missing DCI indicating the change of minimum scheduling offset.
i. UE behavior: UE should follow the most recently received indication from network to sync its current minimum applicable value with network. It is up to UE implementation whether it can receive PDSCH or not.
2) Two RRC configured values with both of values being non-zero (e.g., T1, T2)
a. If UE receives any value less than T1, then it is clearly error case. 
i. UE behavior: UE can ignore the DCI and indicated PDSCH.
b. If UE configured with current minimum applicable value of T2 receives any index for TDRA entries with K0 value less than T2, then, this could mean that there is missing DCI indicating the switching of minimum applicable value.
i. UE behavior: UE should follow the most recent received indication from network to sync its current minimum applicable value with network. It is up to UE implementation whether it can receive PDSCH or not.

Proposal 4
· When UE could be indicated one of two minimum scheduling offsets {X,Y} with 0<X<Y, for PDSCH transmission, the UE is not supposed to be indicated with an index of TDRA entries with K0 less than X. If a DCI with K0 < X is received, then UE ignores that DCI and associated PDSCH.

Proposal 5
· If UE receives an DCI with a potentially valid TDRA entry index based on current minimum applicable value configuration, then UE follows minimum applicable value indication received in that DCI. It is up to UE whether to receive corresponding PDSCH or not.

Conclusions
In this contribution, we have discussed remaining issues on cross slot scheduling techniques in R16. Based on discussion, we make following proposals.

Proposal 1
· Regarding the application of minimum scheduling offset to cross BWP scheduling case, make the description in 38.214 clear such that that minimum scheduling offset is also applied to target BWP during cross BWP scheduling.

Proposal 2
· Restrict TDRA entries of non-active BWPs based on current minimum scheduling offset value in active BWP.

Proposal 3
· When applying current minimum scheduling offset of an active BWP to non-active BWPs, minimum scheduling offset of an active BWP is converted considering the numerology of BWPs.

Proposal 4
· When UE could be indicated one of two minimum scheduling offsets {X,Y} with 0<X<Y, for PDSCH transmission, the UE is not supposed to be indicated with an index of TDRA entries with K0 less than X. If a DCI with K0 < X is received, then UE ignores that DCI and associated PDSCH.

Proposal 5
· If UE receives an DCI with a potentially valid TDRA entry index based on current minimum applicable value configuration, then UE follows minimum applicable value indication received in that DCI. It is up to UE whether to receive corresponding PDSCH or not.
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