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Introduction
In last RAN1#97 meeting, the following agreements and conclusions were achieved [1].
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Agreements:
For an active DL and an active UL BWP, a UE can be indicated via L1-based 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).

Agreements:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
· FFS: Direct assignment of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s), and/or implicit indication.
· FFS: How the indicated minimum applicable value is applied to the selection of a DL (UL) TDRA entry. Example directions include at least the following:
· Excluding the invalid TDRA entries
· Re-interpret the selected K0 (K2) value
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) 

Agreements:
At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to PUSCH scheduled by MAC RAR for at least contention-based RACH procedure.
· FFS: Exclude contention-free RACH 
· FFS: Exclude PUSCH scheduled with TC-RNTI

Agreements:
· To adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated is supported.

Agreements:
At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to:
· PUSCH scheduled by RAR UL grants for contention-free RACH procedure
· PUSCH scheduled with TC-RNTI

Conclusion:
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Companies are encouraged to check the following proposal for the application delay: 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK33][bookmark: OLE_LINK34]For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot  for K0, or slot  for K2, where 
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36]X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z = [1]
· [bookmark: OLE_LINK14][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Z is the smallest feasible non-zero application delay that may depend on DL SCS 
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13]FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
· FFS: interruption time, if any


In this contribution, we further discuss remaining issues on cross-slot scheduling, including application delay, indication method of the minimum applicable value and miss detection issues.

[bookmark: OLE_LINK41][bookmark: OLE_LINK7][bookmark: _Ref494215420]Application delay
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]It is a simple understanding that, if the different SCS of control/dada channel is not considered, the application delay of the new indicated minimum K0 and/or K2, i.e. X, should be equal to the smallest feasible non-zero application delay, i.e. Z. If UE switches from cross-slot scheduling to same-slot scheduling, as the analysis in [2], X should not be smaller than Y. Hence, X = max(Y, Z) is defined. To be consistent, X = max(Y, Z) can be applied for UE switching from same-slot scheduling to cross-slot scheduling. The main remaining FFS point is value of Z.

The value of Z
In our view, the value of Z only relies on PDCCH processing time and the modules preparation time after switching. For the modules preparation time, the preparation time comes from the time spending on the change of clock frequency and voltage of the related modules.
For SCS=60kHz, slots duration is 0.25ms. PDCCH (3 symbols, normal CP) processing time may be 0.3ms [3], plus the modules preparation time, 2 slots may be necessary. For SCS=120kHz, slots duration is 0.125ms, PDCCH (3 symbols, normal CP) processing time may be 0.27ms [3], 3 slots may be necessary.
[bookmark: OLE_LINK15][bookmark: OLE_LINK18]Proposal 1: For 60KHz PDCCH SCS, the smallest feasible non-zero application delay should be 2 slots.
Proposal 2: For 120KHz PDCCH SCS, the smallest feasible non-zero application delay should be 3 slots.

Application delay for cross-carrier scheduling with different numerologies 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For cross-carrier scheduling with different numerologies, a scheduling gap between PDCCH and PDSCH, i.e. delta, was introduced in RAN1#96 [4]. 
	Agreements:
· At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + 
·  >0. Detailed value(s) FFS
· FFS other factor(s) impacting 


In RAN1#96b, the detailed definition of delta was agreed [5].
	Agreements:
· For case 1-1 scheduling (PDCCH in the beginning of the slot), when a lower SCS PDCCH schedules a higher SCS PDSCH:
· The  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary


Further, in last meeting, RAN1#97, the delta-values for different SCS was agreed [1].
	Agreements:
· [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Delta-values for lower SCS PDCCH to higher SCS PDSCH case 1-1 scheduling 
· 15 kHz: 4 symbols
· 30 kHz: 4 symbols
· 60 kHz: 8 symbols
· Case 1-2: use the same delta as the case 1-1 scheduling
· With the quantization step
· Case 2:
· Use the same delta values as the case 1-1 scheduling INCLUDING the quantization step
Agreements:
· For the case of higher SCS PDCCH scheduling lower SCS PDSCH, for the scheduling timing, use the same definition as with lower SCS PDCCH scheduling higher SCS PDSCH scheduling, without quantization to the next PDSCH slot
Agreements:
For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [12] symbols


For lower SCS PDCCH to higher SCS PDSCH case 1-1 scheduling, assuming the SCS of scheduling CC is 15kHz, the earliest possible starting point for the PDSCH is the end of the scheduling PDCCH + 4 symbols, and quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary. To our understanding, such a case can be illustrated by the following figure.



Figure 1. Cross-carrier scheduling with different numerologies (lower SCS to higher SCS)

From above figure, PDCCH received in slot 0 of CC#1, the earliest starting point for the PDSCH should be slot 4 of CC#2. For cross-slot scheduling with different SCS, descriptions can be found in 38.214.
	“The slot allocated for the PDSCH is  K0, where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively”


K0 is based on the numerology of PDSCH and provided by the Time domain resource assignment field of the scheduling DCI. For CC#1 scheduling CC#2, based on the determined delta-value, K0 should be no less than 4. While for same-carrier scheduling in CC#1, K0 should be no less than the old indicated  in TDRA table of CC#1.
When adapt the minimum applicable K0 value in the case of cross-carrier scheduling with different numerologies, since the PDCCH carrier will not change, the application delay of the new indicated minimum K0 and/or K2 should be equal to the smallest feasible non-zero application delay Z, and Z depends on PDCCH SCS. As mentioned before, to be consistent, X = max(Y, Z) can be applied, while Y should be the old indicated  in TDRA table of CC#1 rather than 4
Therefore, the determined delta-value of cross-carrier scheduling with different numerologies have no impact on the application delay.
Observation 1: The determined delta-value of cross-carrier scheduling with different numerologies have no impact on the application delay formula.
[bookmark: OLE_LINK25]Interruption time
For the case of BWP switching occurs during the adaptation of minimum applicable value of K0 (K2), according to [6], UE is not required to transmit UL signals or receive DL signals during the time duration TBWPswitchDelay on the cell where DCI-based BWP switch or timer-based BWP switch occurs. In this case, interruption time is needed, and the duration of interruption time depends on the BWP switch delay.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]For the case of adapting the minimum applicable value of K0 (K2) within an active DL (UL) BWP, UE may need a time duration to adjust the related modules. During the time duration, UE may not be able to receive and transmit signals due to the module adjustment. Therefore, interruption time is also needed. 
UE should be prepared to apply the new K0min before the application delay, therefore, for the above two cases, the interruption time should less than the application delay.
Proposal 3: It is necessary to introduce an interruption time for adaptation of the minimum applicable value of K0 (K2), and the duration of interruption time should less than the application delay.

[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Indication method 
In last meeting, indication of the minimum applicable value via L1-based signalling(s) was agreed, but how to indicate the minimum application value still needs further study.
	Agreements:
[bookmark: OLE_LINK42]For an active DL and an active UL BWP, a UE can be indicated via L1-based 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).
Agreements:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
· FFS: Direct assignment of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s), and/or implicit indication.


According to the agreements, the following three alternatives can be considered:
Alt-1: Direct assignment of the minimum applicable value.
Alt-2: Indication of one value from one or multiple preconfigured or predetermined value(s).
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Alt-3: Implicit indication.
For Alt-1, direct assignment of the minimum applicable value is more flexible than the other two, since the required minimum value can be indicated more precisely. Besides, no additional higher layer signaling is introduced. However, this approach may need more DCI bits. For example, if the  is 8, applicable value can be from 0 to 8, then 4 bits are needed.
For Alt-2, higher layer signaling needs to be introduced. For example, higher layer signaling selects 2 candidates from applicable values, then configures index for these 2 candidates. In DCI, only 1 bit is needed to select one applicable value from the configured 2 candidates. 
For Alt-3, BWP switching can be used to adapt the minimum applicable value, since the TDRA table is configured in each BWP. For example, the  of BWP#1 is 2, and the  of BWP#2 is 0. If UE switches from BWP#1 to BWP#2, then the  will switch from 2 to 0. However, considering that there are only 4 BWPs allowed in Rel-15, consuming one BWP ID due to the different  is not welcome since the flexibility of network operation is reduced.
Therefore, we slightly prefer Alt-2.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal 4: To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of one value from one or multiple preconfigured or predetermined value(s) is supported.
[bookmark: _Ref6994332]Another issue for indication method is the scheduling DCI to adapt the  and  should be the same or not. If same scheduling DCI is used, joint indication can be considered. An example of RRC configuration for the joint indication is shown in table 1.
Table 1. Joint indication to adapt the minimum applicable value(s) of K0 and K2
	Index
	
	

	0
	0
	1

	1
	1
	2


gNB dynamically indicates the index of configured sets of  and  to UE by the PDSCH scheduling DCI (e.g. DCI format 1-0/1-1). But in some cases, UE only needs to transmit UL data in a period of time, DCI format 1-0/1-1 cannot be received by UE, therefore, the  cannot be adapted. Beside, joint indication may decrease the flexibility, since the  and  cannot be adapted individually. Therefore, the  and  should be indicated separately, e.g. DCI format 1-0/1-1 used to indicate the , while DCI format 0-0/0-1 used to indicate the .
[bookmark: OLE_LINK26][bookmark: OLE_LINK29]Proposal 5: To adapt the minimum applicable value of K0 and K2 separately, different DCI format can be used.
[bookmark: _GoBack]
Handling of miss detection of indication
Miss detection of indication
In RAN1#97, it was ruled out that the gNB could indicate a K0 smaller than the indicated minimum K0, as shown below.
	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) 


[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK19][bookmark: OLE_LINK20]According to the agreements, UE is not expected to receive a K0 which is smaller than the indicated , therefore, miss detection of indication may lead to miss grant. For example, when UE misses the indication of switching from 2 to 0, all the DCI which indicates K0 smaller than 2 will be considered as invalid by UE. During the power saving SI phase, in order to alleviate issue of miss grant, the miss detection rate for power saving signal/channel for wake-up purpose is targeting to 0.1%. Since the  is indicated by scheduling DCI, while the miss detection rate of scheduling DCI is generally 1%. Thus, the handling of miss detection of the indication should be considered.

Effective time of indication
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK27][bookmark: OLE_LINK28]Since only the miss detection of indication which indicates the  switching to a smaller one may lead to miss grant, the indication can be only used to switching  from smaller to larger, e.g. from same-slot scheduling to cross-slot scheduling. It is questionable that how to switch the  from larger to smaller. In our view, in a semi-static way, the  can be fall back to the smaller one, e.g.  based on timer. More specifically, in the next starting of Active Time, UE can use the  in the TDRA table by default, which means the “effective time” of the indication is just the current Active Time.

Feedback of the scheduling PDCCH
The feedback information for the scheduling PDCCH can be considered to ensure the identical knowledge for reception of the indication between gNB and UE. After gNB receives the feedback of the scheduling PDCCH which indicates the , the new  can be used. Otherwise, the gNB keeps scheduling UE with the old .
Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: For 60KHz PDCCH SCS, the smallest feasible non-zero application delay should be 2 slots.
Proposal 2: For 120KHz PDCCH SCS, the smallest feasible non-zero application delay should be 3 slots.
Proposal 3: It is necessary to introduce an interruption time for adaptation of the minimum applicable value of K0 (K2), and the duration of interruption time should less than the application delay.
Proposal 4: To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of one value from one or multiple preconfigured or predetermined value(s) is supported.
Proposal 5: To adapt the minimum applicable value of K0 and K2 separately, different DCI format can be used.
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