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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.
· Application delay
· DCI signaling design
· Minimum Applicable Value Switching
· UE assisted K0/K2 values
Cross Slot Scheduling in R16
Application Delay of Minimum Applicable Value
If a UE gets new minimum applicable value of K0/K2 from gNB signaling in a slot N, then the UE is supposed to apply the indicated value at some point in time, say, with application delay. After the application delay, both gNB and UE will use the new minimum applicable value. In case there is no signaling error between gNB and UE, they should have the same understanding on the minimum applicable value. Any PDSCH/PUSCH grant with K0/K2 value which is smaller than the current minimum applicable value is not expected by UE. In determining the application delay, the assumption on PDCCH decoding relaxation needs to be considered.

During RAN1#98b, following conclusion was made regarding the application delay of K0/K2.
	Agreements:
· 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,
· UE receives DCI of the change indication in slot n of the scheduling cell
· 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
· For same-carrier scheduling and at least for PDCCH monitoring case 1-1,
· X = max(Y, Z)
· Y is the active minimum applicable K0 value of the active DL BWP prior to the change indication
· Z is ([1], [1], [2], [2]) for DL SCS of (15, 30, 60, 120) KHz, respectively
· FFS: Cross-carrier scheduling 
· FFS: PDCCH monitoring case 1-2 and case 2
· FFS: Whether and how to add a delay for adaptation from same-slot scheduling to cross-slot scheduling before potential data retransmission(s) is finished
· FFS whether or not/how to define the upper bound for the application delay
· FFS whether/how to define UE behavior in case of miss detection





Same Carrier Scheduling
The current agreement is that the application delay X (slots) is given w.r.t scheduling cell. Considering that X is basically a function of Y which is the current minimum applicable K0 (and indirectly PDCCH decoding delay of scheduling cell), it is reasonable choice to identify the time instance when the newly indicated minimum applicable value is applied. Current agreement covers the case of same carrier scheduling for PDCCH monitoring Case 1-1 (PDCCH monitoring on up to 3 OFDM symbols at the beginning of a slot) with cross BWP scheduling case.

Causality between Application Delay and PDCCH Decoding
The key question is whether the agreement could be extended to Case 1-2 and Case 2. We see that it can be answered by identifying whether a PDCCH carrying the indication of new minimum applicable value can be decoded before newly indicated value takes effect or not. We call this causality issue. In following sub sections, we will check whether there exist such issue and if the issue is real problem of not (i.e., whether it really affect data reception or not).

Same Carrier Scheduling (Case 1-2)
Case 1-2 corresponds to PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot. In this case, all search space configurations are within the same span of 3 consecutive OFDM symbols in a slot. 
Figure 1 shows an example of Case 1-2 with PDCCH monitoring occasion close to the end of a slot. In this example, network switches minimum K0[footnoteRef:2] from 0 to 1. DCI transmitted in slot n indicates new minimum K0 of 2[footnoteRef:3]. If the application delay X is given as max(Y=0, Z=1) = 1 slot, then the new minimum K0 of 1 is to be applied from slot n+1. This may cause a causality issue since PDCCH decoding could finish in the middle of slot n+1 where new minimum K0 take effect. However, K0=0 requires the decoding of PDCCH received in slot n as soon as possible before new PDCCH monitored in slot n+1. So, the causality issue has no impact on correct data reception. However, note that setting Z=2 could simply remove the concern of causality issue. [2:  Minimum K0 is interchangeably used with minimum applicable value for K0.]  [3:  Note that minimum applicable value K0=1 may not prevent UE from unnecessary PDSCH buffering for Case 1-2. So, minimum K0=1 is should be treated as same slot scheduling case with minimum K0=0. Thus we consider switching between 0 and 2 instead of between 0 and 1. For UE power saving, network should avoid using minimum K0=0 and 1 for Case 1-2.] 
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[bookmark: _Ref23978539]Figure 1 Same carrier scheduling for Case 1-2 with minimum K0 switching from 0 to 2
Observation 1 : Minimum applicable value K0=1 may not prevent UE from unnecessary PDSCH buffering for Case 1-2.
Observation 2 : For Case 1-2, applying X=max(Y,Z) with Z=1 could have causality issue when switching minimum K0 from 0 to 2 However, this may not have impact on correct data reception for Case 1-2.

Figure 2 shows the Case 1-2 with minimum K0 switching from 1 to 0. This case has causality issue. But PDCCH decoding finishes before new DCI is received in slot n+1. Thus, this causality issue has no impact on data raception. But having Z=2 could avoid this potential problem.
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[bookmark: _Ref23980541]Figure 2 Same carrier scheduling for Case 1-2 with minimum K0 switching from 2 to 0
Observation 3: There could be causality issue of PDCCH decoding and new minimum K0 application for Case 1-2. Having Z=2 could avoid this problem.

Same Carrier Scheduling (Case 2)
Case 2 is case for the PDCCH monitoring periodicity of less than 14 symbols. In this case, there exist at least two PDCCH monitoring occasions within a slot. Figure 3 shows the case where the minimum K0 is switched from 0 to 2. In this case, we have similar causality issue as Case 1-2. However, the DCI received from slot n+1 includes K0>=2, the causality is not a real problem as Case 1-2.
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[bookmark: _Ref23981797]Figure 3 Same carrier scheduling for Case 2 with minimum K0 switching from 0 to 2

Observation 4 : For same carrier scheduling with Case 2, there is a causality issue with Y=0 or 1, but this may not have  impact on correct data reception. Having Z=2 could avoid this issue.

Figure 4 shows the case with minimum K0 switching from 1 to 0. In this case, since UE cannot finish PDCCH decoding before new indicated minimum K0 takes effect, there is causality issue. DCI received in slot n+1 could include same slot PDCSH but UE knows that it is supposed to change minimum K0 in the middle of slot n+1. Increasing Z value to 2 could avoid this problem.
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[bookmark: _Ref23986406]Figure 4 Same carrier scheduling for Case 2 with minimum K0 switching from 1 to 0

Observation 5 : For same carrier scheduling with Case 2, there is a causality issue. Having Z=2 could avoid causality issue of PDCCH decoding and application of newly indicated minimum K0 value.
Cross Carrier Scheduling
Cross Carrier Scheduling (Case 1-1)
The question in cross carrier scheduling case is whether the application delay X for same-carrier scheduling case could be directly reused or not. If not, what modification is needed.

The idea of determining X as max(Y,Z) needs further consideration on Y and Z since we now have two Y values (minimum K0 values) one from scheduling cell and the other from scheduled cell. Note that minimum K0 value is per BWP per carrier. There are also two Z values one for scheduling cell and the other for scheduled cell. In case two active BWPs in the two cells have different numerology, the Z values could be different.

Minimum K0 for Scheduling Cell and Scheduled Cell
Y is closely related to PDCCH decoding. For cross carrier scheduling with different numerology for scheduling cell and scheduled cell, the same minimum K0 values have different absolute time since the unit of minimum K0 value is slot. The PDCCH decoding should be done before minimum of two minimum K0 values in absolute time. So, in theory, the Y value could be chosen as the shorter value of two minimum K0 values in absolute time sense. But difficulty here is the required conversion between different numerology. A simpler approach would be to choose minimum K0 value for scheduling cell, i.e., Y=minimum K0 for scheduling cell giving

X = max(minimum K0 for scheduling cell, Z).
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Figure 5 The PDCCH decoding with two different minimum K0 values (in absolute time) in scheduling cell and scheduled cell. Case of minimum K0 for scheduling cell < minimum K0 for scheduled cell
This choice may not be optimal in the sense that the chosen Y value is larger than PDCCH decoding delay; when minimum K0 for scheduling cell > minimum K0 value for scheduled cell as shown in Figure 6. In this case, there is an extra delay D (= minimum K0 for scheduling cell – minimum K0 for scheduled cell). Although this may be a suboptimal choice in term s of reducing delay, but more critical issue is the relax of PDCCH decoding is limited by scheduled carrier.

Proposal 1 : In X=max(Y,Z), Y is the minimum K0 value of active DL BWP of scheduling cell.
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[bookmark: _Ref24017979]Figure 6 The PDCCH decoding with two different minimum K0 values (in absolute time) in scheduling cell and scheduled cell. Case of minimum K0 for scheduling cell > minimum K0 for scheduled cell
Different Numerology for Scheduling Cell and Scheduled Cell
Three could be three different cases.
· Case A : SCS of scheduling cell = SCS of scheduled cell
· Case B : SCS of scheduling cell < SCS of scheduled cell
· Case C : SCS of scheduling cell > SCS of scheduled cell

In Case A, scheduling cell and scheduled cell have the same slot length and indexing. Thus, the application delay should work as if same carrier scheduling case.

Case B is a cross carrier scheduling from lower SCS to higher SCS, e.g., from a carrier with SCS =15kHz to carrier with SCS=30kHz respectively. Time when new minimum applicable value can be applied is indicated as dashed gray line. Figure 7 shows the Case B when K0_min of scheduled cell is switched to N by cross carrier scheduling. The first slot where PDSCH can be scheduled based on new minimum applicable value is marked with V in Figure 7 and Error! Reference source not found..
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[bookmark: _Ref23947770]Figure 7 Case 1-1 : Case B for switching minimum K0 of scheduled cell to N
Case C is a cross carrier scheduling from higher SCS to lower SCS. Figure 8 shows the Case 3 when K0_min is switched to N by cross carrier scheduling. In Case C, the time instance (marked as gray dashed line) when the newly indicated minimum applicable value is applied is not aligned with slot boundary of scheduled cell because scheduling cell’s slot length is shorter than that of scheduled cell. However, this is ok since the application delay is aligned with slot boundary of scheduling carrier (carrier 1 in this example) and scheduling is done in cross carrier fashion.
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[bookmark: _Ref23949655]Figure 8 Case 1-1 : Case C for switching minimum K0 of scheduled cell to N
Observation 6 : For cross carrier scheduling with Case 1-1, there is no causality issue.
Cross Carrier Scheduling (Case 1-2)
This case is similar to same carrier scheduling for Case 1-2. Figure 9 shows the case of switching minimum K0 of scheduled cell to N using cross carrier scheduling with Y=1. The Y value of 1 for scheduling cell gives causality issue. But note that it has no impact on data reception since PDCCH decoding finishes before UE starts monitoring in slot n+1. Having Z=2 would allow UE to avoid causality issue.
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[bookmark: _Ref24030000]Figure 9 Case 1-2 : switching minimum K0 of scheduled cell to N
Observation 7 : For cross carrier scheduling with Case 1-2, there is a causality issue with Y=1. But it may not have impact on data reception.
Cross Carrier Scheduling (Case 2)
The causality issue occurs here. With Y=1, newly indicated minimum K0 for scheduled cell takes effect from slot n+1. But, decoding of PDCCH would finish some point inside slot n+1. If there is new DCI in slot n+1 indicating PDSCH with K0=0, then, it may require potential buffering in slot n+1. If this PDSCH starts before the decoding of PDCCH received in slot n, then, UE cannot receive the PDSCH since UE do not buffer anything at that point. Having Z=2 would allow UE to avoid such causality issue.
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Figure 10 Case 2 : switching minimum K0 of scheduled cell to N
Observation 8: For cross carrier scheduling with Case 2, there is a causality issue with Y=1. Having Z=2 would allow UE to avoid causality issue.

Table 1 captures the summary of cases for same carrier scheduling and cross carrier scheduling.
[bookmark: _Ref24045077][bookmark: _Ref24045089]Table 1
	
	Case 1-1
	Case 1-2
	Case 2

	Same carrier scheduling
	No issue
	Causality issue with Y=0 or 1. May not have impact on data reception. Having Z=2 could avoid potential issue.
	Causality issue when switching 1 to 0
Solution : Z=2

	Cross carrier scheduling
	No issue
	Causality issue with Y=0 or 1. May not have impact on data reception.
Having Z=2 could avoid potential issue.
	Causality issue with Y=1, new minimum K0 in scheduled cell = 0
Solution : Z=2



Based on above analysis, having Z=2 allow UE to avoid causality issue for Case 1-2 and Case 2. This applies to all subcarrier spacings.

Proposal 2 : Support Z=2 for Case 1-2 and Case 2. 

For simplicity, Z=2 could be used for all cases.

Proposal 3 : Use Z=2 for Case 1-1, Case 1-2 and Case 2 for all SCSs.

 BWP switching and Minimum Applicable Value
In NR15, 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 cross BWP switching to a target BWP, any TDRA entries in the target BWP which schedules PDSCH with a K0 value which is shorter than cross BWP switching delay cannot be scheduled during cross BWP scheduling to the target BWP.

We have similar issue with minimum applicable value. According to the following agreement, the minimum applicable values are per BWP parameters. 
	Agreements (RAN1 #98):
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP for the carrier where PDSCH(PUSCH) is transmitted, the following is supported:
· One or two RRC configured values for restriction to the active TDRA table 
· RRC configuration is per BWP 
· If there are one or two RRC configured values for a BWP, 1-bit indication to indicate one value from two candidate values
· For the case of one RRC configured value, the 1-bit indication further indicates whether or not there is no restriction to the active TDRA table



The question is whether some entries of TDRA table in non-active BWP can be restricted based on minimum applicable value of active BWP. We know from above discussion that TDRA entries in each BWP with K0 value less than a BWP switching delay cannot be scheduled. Another factor to consider here is the minimum applicable value of active BWP. 

The minimum applicable value of an active BWP limits TDRA entries in active BWP; in TDRA table in active BWP, entries with K0 < minimum K0 are not scheduled. Question is whether this limitation should also apply to TDRA tables in non-active BWP or not. If there is no restriction of TDRA entries for non-active BWPs based on minimum applicable value of active BWP, then, PDCCH decoding cannot be relaxed based on current minimum applicable value in active BWP because potentially UE should be able to support TDRA entries with small in non-active BWP through cross BWP switching. Thus, the minimum applicable value for an active BWP should restrict not only TDRA entries in active BWP but also entries in non-active BWPs. In applying minimum applicable value of active BWP to non-active BWP, the conversion of K0 value considering different SCS is required to make sure the same amount of gap in absolute time.

Proposal 4 : Restrict TDRA entries of non-active BWPs based on current minimum applicable value an active BWP.

Proposal 5 : When applying current minimum applicable value of an active BWP to non-active BWPs, minimum applicable value of an active BWP is converted considering the numerology of BWPs.

Upper Limit for the Application Delay
There was a quick discussion about having upper limit for application delay. With an upper limit, say W, the application delay would be given as X = min(max(Y,Z),W). One implication of upper limit is limited PDCCH decoding relaxation. If upper limit on application delay is put, then the upper limit of the delay enforces UE to finish PDCCH decoding before the end of delay.
The consequence of having upper limit W is bounded X, i.e., Z<=X<=W. Note that Y is already bounded by the maximum minimum K0 value which is [16], which gives currently range of X; Z<=X<=[16]. If W smaller than 16 is chosen, then, we will have Z<=X<=W<[16]. Then, depending on the value of Z and W, the available range of X may not be large. If this approach is taken, then, it is better to just fix the application delay to a constant value, e.g., X=8 slots, instead of having complication. We don’t see any benefit of introducing upper limit W.
Proposal 6 : Do not introduce upper bound on application delay.
Minimum Applicable Value Switching
During the switching of minimum applicable value indication and actual application time, UE could receive another scheduling DCI, which includes the field for minimum application delay. The question is how to handle if a new value is indicated before indicated value is applied.

If newly received value during the switching is applied, things gets too complicated especially when the indicated new minimum applicable value keep changing. Figure 11 shows the case UE receives DCI with K0_min during switching. The first DCI received at slot x carries the first K0_min=0 which is applied from x+5. During the first switching second DCI with K0_min=4 is received in slot y. Since the application delay D at slot y is 5, the second DCI with K0_min=4 is applied from slot y+5. From x+5, we have minimum applicable delay D=max(1,0)=1. Then, at slot z, the third DCI with K0_min=1 is received. Since the current minimum applicable value is 0, application delay D is 1 at slot z. Thus, at slot z+1, the indicated K0_min=1 is applied. Note that the indicated K0_min is applied out of order; the third K_min is applied before the second K_min is applied. This out of ordered application could make UE’s PDCCH processing very complicated. Furthermore, the increased complexity due to the out of order application is not desirable to UE and network.
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[bookmark: _Ref21038080]Figure 11 The case when newly received values during switching are applied with application delays.
The easier and simpler solution is to ignore the indication for minimum applicable value if there is any pending minimum applicable value to be applied. More robust mechanism is to make sure network send new minimum applicable value only after pending value is applied. From UE perspective, UE is not expected to receive a new minimum applicable value until it applies any pending minimum applicable value it has received. In other words, UE is not expected to get a new minimum applicable value before any pending new application value is applied. The switching should be triggered by the first 1 bit indication value from UE perspective which is different from current minimum applicable value.

Proposal 7 : For scheduling DCIs received during the minimum applicable value switching duration, UE is not supposed to be indicated a new minimum applicable value which is different from most recently received new value which initiated switching.

Proposal 8 : From UE perspective, the minimum applicable value switching is triggered by the first 1 bit indication which indicates the different minimum applicable value from the current minimum applicable value.
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Figure 12 The desired minimum applicable value switching : network keep sending the same new minimum applicable value in DCI until the indicated the most recent new value is applied.
Consideration on Retransmission
There was some offline discussion on whether and how to add a delay for adaptation from same-slot scheduling to cross-slot scheduling before potential data retransmission(s) is finished. We think there is no need to have additional consideration on cross slot mechanism due to retransmission. Once retransmission happens, then, TB transmission delay is already significantly increased. Thus, delay reduction coming from reducing a few slot is very minor. 

Proposal 9 : Do not introduce any measure in cross slot scheduling technique considering HARQ retransmission.
UE behavior
Conflict Indication
When UE receives format 1-1 and 0-1 at the same time with conflicting information, then, this is either network error or false alarm. In this case, UE ignore both indication and disable cross slot scheduling technique for a while until it gets a new DCI indicating new value. This is kind of fallback behavior increasing reliability of DCI and PDSCH reception.

Proposal 10 : If UE receives conflicting indication for minimum applicable value from two DCI in the same slot, then, it ignores the received conflicting indication and disable cross slot scheduling technique until it gets new indication.

Invalid TDRA Entry Indication
After UE is enabled with cross slot scheduling technique, UE could receive DCI indicating one of invalid TDRA entries. Depending on the minimum applicable value 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 applicable value T1 receives an index for TDRA entries with K0 value which is 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 applicable value.
i. UE behavior : UE should follow the most recent received indication from network to sync its current minimum applicable value with network.
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 should not be supposed to handle this case. 
b. Whereas, 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.

Proposal 11 : When UE could be indicated one of two minimum applicable values {A,B} with 0<A<B, for PDSCH transmission, the UE is not supposed to be indicated with an index of TDRA entries with K0 less than A. Once DCI with such indication is received, then UE ignores that DCI.

Proposal 12 : 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.

Miss Detection
When a DCI carrying new minimum K0 value is miss detected, then, network and UE could potentially have different understanding on the current minimum K0/K2 values. The miss detection of DCI indicating increasing minimum applicable value, e.g., 0 to 4, has no significant impact on data reception at UE side. UE just ends up spending more energy than expected. The miss detection of DCI indicating decreasing minimum applicable value, e.g., 4 to 0, could have potential impact on data reception. However, this case could be also handled properly by network. For example, during the switching period, network can send DCI with new minimum applicable value indication but with K0 value larger than or equal to previous minimum K0 value. This will make sure the DCI sent after switching delay is also received by UE even after UE misses the previous DCI with first new minimum applicable value indication.

Observation 9: Network can properly handle UE’s miss detection of DCI carrying new minimum value indication.

UE Indication of Minimum Applicable Values for K0/K2
RAN1#98b made following decisions regarding minimum applicable values.
	Agreements:
UE higher layer signalling (detailed mechanisms up to RAN2) of suggested minimum applicable values for K0/K2 (one for each) for applying cross-slot scheduling is supported:
· For each of the all possible SCSs, the values are reported separately
· For same-carrier scheduling, each suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: [2-4] slots
· 60kHz/120kHz SCS: [4-8] slots 
· FFS how to apply the values to the cross-carrier scheduling case in terms of minimum applicable value



There were two different views on above mentioned UE higher layer signaling : UE capability and UE assistance information. We see that the nature of reported information is UE preferred choice rather than UE capability. For example, when data transfer delay is not a big concern to UE, UE can tradeoff increased delay with reduced power consumption. In such case UE could indicate that it prefers to operate in cross slot scheduling mode. In another case, power consumption may not be a issue, e.g., when UE is connected to power source with active gaming application with very low delay requirement, UE may not want to operate in cross slot scheduling mode. In such case, UE could indicate its preferred value of 0 to network. 

If this higher layer information is sent through UE capability, then UE cannot indicate its preference to adapt difference situation. It gets to up to network when to start applying cross slot scheduling. From both UE and network point of view, it is better to have indication from UE to network on when the feature could be enabled and which value could be used if enabled.

Proposal 13 : Include UE suggestion on minimum K0/K2 value in UE assistance information.

Indicated Value
According to the current agreement, UE can indicate suggested minimum applicable value per SCS. The suggested range is given as from 1 to [2-4] for 15kHz, and [4-8] for 60kHz. We think the maximum number which UE can indicate should be large enough. Ideally it should be able to indicate the maximum configurable number for K0/K2. Larger number in general give higher flexibility in UE configuration and operation.

Proposal 14 : For same-carrier scheduling, each UE suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: 4 slots
· 60kHz/120kHz SCS: 8 slots

Indication during Data Inactivity
During data arrival is active, there are many scheduling DCIs which can carry the 1 bit indication. During this time, same slot scheduling could be used to reduce latency. However, when data arrival becomes inactive, e.g., between reading time, network and UE may want to use cross slot scheduling for power saving. Since network knows the DL queue status for a UE, it can always send a new 1 bit indication for same slot scheduling in the last packet. In the case there is TB NACK, gNB could schedule retransmission, which may potentially be received with cross slot scheduling. This should be fine in terms of delay increase since retransmission itself already increases the TB transmission delay. The potential increase of delay could be compensated by indicating shorter K1 value in the DCI for retransmission. When data inactivity starts and UE’s DRX inactivity timer will expire and UE will enter DRX mode. In this case, when UE wakes up with the aid of power saving signal, the network may want to resume data scheduling quickly with lower latency. If the current active minimum applicable value is too large, then, this could increases the delay of the first a few packets. To avoid this situation, one can think of two approaches. 
· Option 1) Power saving signal includes the cross slot scheduling indication.
· Option 2) Cross slot scheduling is reset to default value whenever UE enters DRX OFF state.

In terms of design simplicity, option 1 would be better choice since it is self-contained solution relying on L1 signal only. However, the drawback is that signaling overhead is increased especially considering multiple UEs’ power saving signal are multiplexed together and power saving signal/channel outside Active Time requires strong protection. Whereas, Option 2 requires no additional signaling. Depending the use case, network could configure the default value as same slot scheduling or cross slot scheduling. The drawback of option 2 is that it requires MAC layer state.

Proposal 15 : Reset cross slot scheduling indication to default value when UE enters DRX OFF state.

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

Observation 1 : Minimum applicable value K0=1 may not prevent UE from unnecessary PDSCH buffering for Case 1-2.
Observation 2 : For Case 1-2, applying X=max(Y,Z) with Z=1 could have causality issue when switching minimum K0 from 0 to 2 However, this may not have impact on correct data reception for Case 1-2.

Observation 3: There could be causality issue of PDCCH decoding and new minimum K0 application for Case 1-2. Having Z=2 could avoid this problem.

Observation 4 : For same carrier scheduling with Case 2, there is a causality issue with Y=0 or 1, but this may not have  impact on correct data reception. Having Z=2 could avoid this issue.

Observation 5 : For same carrier scheduling with Case 2, there is a causality issue. Having Z=2 could avoid causality issue of PDCCH decoding and application of newly indicated minimum K0 value.

Observation 6 : For cross carrier scheduling with Case 1-1, there is no causality issue.

Observation 7 : For cross carrier scheduling with Case 1-2, there is a causality issue with Y=1. But it may not have impact on data reception.

Observation 8 : For cross carrier scheduling with Case 2, there is a causality issue with Y=1. Having Z=2 would allow UE to avoid causality issue.

Proposal 2 : Support Z=2 for Case 1-2 and Case 2. 

Proposal 3 : Use Z=2 for Case 1-1, Case 1-2 and Case 2 for all SCSs.

Proposal 4 : Restrict TDRA entries of non-active BWPs based on current minimum applicable value an active BWP.

Proposal 5 : When applying current minimum applicable value of an active BWP to non-active BWPs, minimum applicable value of an active BWP is converted considering the numerology of BWPs.

Proposal 6 : Do not introduce upper bound on application delay.

Proposal 7 : For scheduling DCIs received during the minimum applicable value switching duration, UE is not supposed to be indicated a new minimum applicable value which is different from most recently received new value which initiated switching.

Proposal 8 : From UE perspective, the minimum applicable value switching is triggered by the first 1 bit indication which indicates the different minimum applicable value from the current minimum applicable value.

Proposal 9 : Do not introduce any measure in cross slot scheduling technique considering HARQ retransmission.

Proposal 10 : If UE receives conflicting indication for minimum applicable value from two DCI in the same slot, then, it ignores the received conflicting indication and disable cross slot scheduling technique until it gets new indication.

Proposal 11 : When UE could be indicated one of two minimum applicable values {A,B} with 0<A<B, for PDSCH transmission, the UE is not supposed to be indicated with an index of TDRA entries with K0 less than A. Once DCI with such indication is received, then UE ignores that DCI.

Proposal 12 : 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.

Observation 9 : Network can properly handle UE’s miss detection of DCI carrying new minimum value indication.

Proposal 13 : Include UE preference on minimum K0/K2 value in UE assistance information.

Proposal 14 : For same-carrier scheduling, each UE suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: 4 slots
· 60kHz/120kHz SCS: 8 slots

Proposal 15 : Reset cross slot scheduling indication to default value when UE enters DRX OFF state.
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