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Introduction
In 3GPP TSG RAN #83 meeting, it was agreed to specify cross-slot scheduling in addition to Rel-15 procedure.
Based on the agreements in the RAN1 #98 meeting, there are still many issues that need to be further discussed. In this contribution, we discuss about the minimum K0/K2 indication, application delay, impacts on the existing timeline, etc.  
Minimum K0/K2
Minimum K0/K2 indication

Outside Active Time

According to the following agreements in RAN1 #98 meeting, cross-slot scheduling indication is at least included in DCI format 0_1 and/or DCI format 1_1 within Active Time.
	Agreements:

Scheduling DCI format(s), 1-1 and/or 0-1, to indicate the minimum applicable value of K0 (K2) for active DL (UL) BWP during Active Time is supported

FFS: Whether and how other scheduling DCI format(s) during Active Time can be used

FFS whether to have joint or separate indication for DL & UL


Considering that UE can save more power if it can be indicated with cross-slot scheduling before DRX on and to be cross-slot scheduled from the beginning of DRX Onduration . On the other hand, as the minimum K0/K2 value indicated in the previous DRX cycle would continue being effective, update a more suitable minimum value outside Active Time will help data transmission to be finished in a short time in the beginning of DRX Onduration if a large data packet needs be scheduled. It is suggested that cross-slot scheduling can be explicitly or implicitly indicated by power saving signal outside Active Time. 
Proposal 1: Cross-slot scheduling can be explicitly or implicitly indicated by power saving signal outside Active Time.

Code point mapping

The agreements in RAN1 #98 meeting on the RRC configured minimum K0/K2 for the restriction of DL/UL transmission were as following.
	Agreements:
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



It is clear that according to the agreements, the minimum applicable K0 is configured in the DL BWP, while the minimum applicable K2 is configured in the UL BWP. The reason is that the minimum values used to restrict the DL/UL TDRA table are different. 

Proposal 2: It is proposed to clarified that the minimum applicable K0 and minimum applicable K2 are separately configured.
Regarding the configuration of minimum K0/K2 value, there are three cases to be considered for a BWP.
Case-1: No RRC configured minimum value

Case-2: Only one RRC configured minimum value

Case-3: Two RRC configured minimum value

Similar to other information fields in DCI, the bit size of information field of minimum K0/K2 could be zero in the Case-1. In Case-3, the code point of m indicates a minimum K0/K2 with a row index m+1 in the RRC configured list. While in Case-2, the one bit could be used to enable the configured minimum K0/K2 value. Which means the code point of “1” denotes the configured minimum K0/K2 is applied to restriction scheduling, and code point of “0” denotes the configured minimum K0/K2 is not applied.
Proposal 3: Based on the configuration of minimum K0/K2 for a BWP, we have following proposals.
The bit size of the minimum K0/K2 information field could be 0 or 1 and determined by the RRC configuration.

When there is one RRC configured minimum value, the one bit is used to enable the configured minimum K0/K2 value.

When there are two RRC configured minimum values, the code point of m indicates a minimum K0/K2 with a row index m+1 in the RRC configured list.
Interpretation of minimum K0/K2 in the case of cross-BWP scheduling
According to the cross-BWP scheduling in Rel-15, when BWP switching is indicated by DCI format 0-1 or DCI format 1-1 and the information fields are not aligned in the source and target BWP, truncation or zero padding needs to be performed prior to interpreting the corresponding information fields. 

The similar solution could also be applied to interpret the minimum K0/K2 in the case of cross-BWP scheduling. If the source BWP is configured with one or two minimum values, while the target BWP has no minimum value, UE needs to truncate the information field. On the contrary, if the source BWP has no minimum value, while the target BWP is configured with minimum value, zero-padding is needed. And the minimum value indicated by the padded “0” is used to restriction the DL/UL transmission.

Proposal 4: In the case of cross-BWP scheduling, apply the truncation or zero-padding procedure same in Rel-15 to interpret the minimum K0/K2.

If the source BWP is configured with one or two minimum values, while the target BWP has no minimum value, UE needs to truncate the information field. 

If the source BWP has no minimum value, while the target BWP is configured with minimum value, zero-padding is needed. And the minimum value indicated by the padded“0” is used to restriction the DL/UL transmission.
BWP activation without a minimum value indication
In RAN1 #98 meeting, the following agreements were made when a BWP is activated without a minimum value indication (e.g., BWP inactivity timer expire).
	Agreements:

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 is determined by (to down-select one of them):

Option 1: No restriction if one value is RRC configured; The lowest-indexed RRC configure value if two values are RRC configured

Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured; 

Option 3: No restriction 



According to the operation in Rel-15, if the active BWP is not the default BWP and the BWP inactivity timer would be start or restarted when there is a DL/UL transmission. If there is no data transmission for a long time, UE would perform BWP switching to the default after the BWP inactivity timer expires to save more power. Therefore, it is obvious that the Option 2 is consistent with this purpose. For Option 2, if the default BWP is configured with one minimum values, it is most likely to be larger than zero to fulfill the cross-slot scheduling. If the default BWP is configured with two minimum values, the first one could be larger than zero to save power. In this case, Option 2 enables cross-slot scheduling and is more power efficient when UE switches to the default BWP. And if there is data to be transmitted in the default BWP, UE can be switched to same-slot scheduling by non-fallback scheduling DCI.
For Option 1 and Option 3, they are both power consuming if there is no data transmission in the default BWP.
Observation 1: Using cross-slot scheduling at the beginning of an activated BWP can save more power.
Proposal 5: If a BWP is activated without a minimum value indication (e.g., BWP inactivity timer expire), the value applied for the BWP is determined by Option 2, i.e.,

The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured
Range of minimum applicable values

Range of minimum values
The available K0/K2 value is range from 0 to 32, while the available aperiodic CSI-RS triggering offset is range from 0 to 24. Since the minimum value of aperiodic CSI-RS triggering offset is implicitly indicated by minimum K0, the minimum K0 should not be greater than 24

The following observation is captured in TR 38.840[3]. 

“The power saving schemes with cross slot scheduling show 13% - 28 % power saving gain and UPT degradation 0.3 %-  5%  for minimum K0= 1, 13% - 25% power saving gain and UPT degradation 7 % -13 % for 1< minimum K0 < 4  and 2% - 25% power saving gain for minimum K0 >= 4 and UPT degradation up to 32%.  When minimum K0>1, the power saving gain decreases and UPT degrades as the K0 increases.”
According to the observation, a larger minimum K0/K2 value will cause a larger latency and with negligible power saving gain. So the maximum available minimum K0/K2 should not be too large. In the other hand, one of the purpose of improving the cross-slot scheduling is to extend the micro sleep time and reduce unnecessary data buffering. If the time gap between DCI and PDSCH/PUSCH is large, extending the PDCCH monitoring periodicity will also get more power saving gain. So the range of maximum value of minimum K0/K2 can be from 0 to 4 which can exploit the benefit of cross-slot scheduling and also avoid an intolerable latency.
Proposal 6: The minimum available K0/K2 ranges from 0 to 4.
Minimum value in RRC reconfiguration 

RRC reconfiguration procedure includes gNB sends RRCReconfiguration message to UE, and the UE sends RRCReconfigurationComplete message to gNB. There will be an ambiguity period before the gNB receives the RRCReconfigurationComplete message because gNB does not know whether the UE receive the RRCReconfiguration or not. As the minimum K0/K2 value may be reconfigured and which minimum K0/K2 value is applied by UE during the ambiguity period in unclear. It is necessary to discuss the applicable minimum value in ambiguity period during RRC reconfiguration.
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Figure 1 Ambiguity period about minimum value during RRC reconfiguration
Observation 2: It will be ambiguity about minimum value during RRC reconfiguration procedure.

To solve this problem, one solution is that the minimum value is not applied during the RRC reconfigure period. The common TDRA table could be used in the ambiguity period. According to the spec, the common TDRA table is not a UE-specific configuration, it may used for more than one UE. Since the minimum value is a UE-specific configuration and the common TDRA table may have no entry satisfying the minimum value. It is suggested the minimum values are not applied in the case that the common TDRA table is used.

A fallback DCI associated with a common search space is also often used during the ambiguity period. So the other solution to deal with the ambiguity problem is cross-slot scheduling is not applied for a fallback DCI with associated a common search space. As it has already been agreed that cross-slot scheduling are not applied in most cases of DCI transmitted in a common search space (e.g., Type 0 / 0A/ 1/ 2 common search space), extend the exceptional case of cross-slot scheduling to all the common search space would not defeat the power saving gain too much.
Proposal 7: The applicable minimum values in RRC reconfiguration period should be discussed, and the following solutions can be considered.
The minimum values are not applied in the case that the common TDRA table is used;
The minimum values are not applied in the case that a fallback DCI associated with a common search space is used.
Application delay

Application delay value
According to following agreements in RAN1#98 meeting, the new indicated minimum value is applied after an application delay, but the application delay value have not been agreed.
	Agreements:

The 1-bit indication in DCI format 1_1 or format 0_1 is used to jointly determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP, which are to be applied at least after the application delay.


Some companies proposed the application delay should include the time of PDCCH decoding and update of the related module. One option is that the application delay is equal to max{current k0min, Z}[4], wherein Z is a value based on SCS, according the following conclusion in RAN1 #97 meeting.
	Conclusion[4]:

Companies are encouraged to check the following proposal for the application delay: 

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 [image: image3.png]


 for K0, or slot [image: image5.png]


 for K2, where 

X = max(Y, Z)

Y is the minimum applicable K0 value prior to the indicated change

Z = [1]

Z is the smallest feasible non-zero application delay that may depend on DL SCS 

FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP

FFS: Cross-carrier scheduling with different numerologies

FFS: interruption time, if any




This formula is used to satisfy the PDCCH processing time and time duration to change the module. However, the formula of max{current k0min, Z} for application delay may lead to unnecessary latency.

Observation 3: The formula of max{current k0min, Z} for application delay may lead to unnecessary latency.
Since the application delay using a formula of max{current k0min, Z} may lead to unnecessary latency, we would like to simplify the application delay as a fixed value. In last meeting, it is agreed that a BWP can be configured with one or two minimum values by RRC. As the application delay has a close association with minimum value, it is suggested to configure the application delay together with the minimum value by RRC signalling. The available configured value of the application delay can be further discussed.
Proposal 8: The application delay is configured by RRC signalling.
Other cases of cross-slot scheduling
Aperiodic CSI-RS associated with SRS
The aperiodic NZP CSI-RS resource could be configured to be associated with SRS resource set if the SRS resource set is set to ‘nonCodebook’. The SRS request field in DCI can trigger an aperiodic SRS resource set and implicitly trigger the CSI-RS. The CSI-RS is transimitted in the same slot as the DCI triggering SRS which means the aperiodic CSI-RS triggering offset is fixed to zero in this case. Hence UE can not save power even if other minimum values are greater than zero. 

From the perspective of power saving, if the minimum value of aperiodic CSI-RS triggering offset is indicated to be greater than zero, the offset between DCI triggering an aperiodic SRS resource set and the associated CSI-RS should also be greater than zero. However, in Rel-15, there is not a parameter defined for the offset between DCI triggering an aperiodic SRS resource set and the associated CSI-RS. So the parameter can be added in SRS-Config IE. And the value of the parameter described above should be less than the value of parameter SlotOffset. In RAN1#97 meeting, it was agreed that the minimum value of aperiodic CSI-RS triggering offset is equal to the minimum value of K0. So the minimum value of the parameter can also equal to minimum value of K0. 

Proposal 9: Add a parameter to denote the offset between the CSI-RS resource associated with aperiodic SRS and the DCI triggering SRS, and the parameter can be set to a non-zero value.

SPS release

	38.213[5]
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit.

With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot 
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 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot 
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, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK. 
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 corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 


In Release-15, upon the detection of a DCI which indicates a SPS PDSCH release, UE needs to provide corresponding HARQ-ACK information. And the offset of the DCI and the corresponding acknowledgement information is indicated by the PDSCH-to-HARQ-timing-indicator field or provided by dl-DataToUL-ACK. In this scenario, if the offset is indicted to zero the UE can not save power even if other minimum values are indicated to be greater than zero because UE needs to prepare for the UL transmission. So if cross-slot scheduling is applied, the offset should be configured greater than zero at least in the case that the DCI indicate a SPS PDSCH release.

Proposal 10: To enable cross-slot scheduling, the offset between DCI which indicates a SPS PDSCH release and the corresponding acknowledgement information should be configured to be greater than zero.
Indication of minimum K0/K2 in case of data inactivity

In this section, we will discuss the method to indicate UE to apply cross-slot scheduling for power saving during data inactivity.
In last meeting it is agreed that the minimum values are indicated by 1-bit field of the non-fallback DCI. There is a limitation that the update of the minimum K values can only be associated with data scheduling. If the indication to cross-slot scheduling is carried in the scheduling DCI of the last TB, and this TB is not correctly decode. Then gNodeB will need to schedule retransmissions with cross-slot scheduling, which may impact the data scheduler design. And if there is no data transmission, UE may can not be cross-slot scheduled, which is not power efficient.
Observation 4: It may affect the power saving gain if it is only allowed to indicate UE to perform cross-slot scheduling by non-fallback DCI with data scheduling.

It is more beneficial to indicate UE to perform cross-slot scheduling in the case of PDCCH-only state. And indication of the cross-slot scheduling by the non-fallback DCI without data scheduling can be considered.

In NR Rel-15, the PDCCH validation for DL SPS is implemented by set some special fields to be a predefined value. Similarly, the minimum value indication DCI can be distinguished from the original DCI by setting some fields to all ‘0’s, or all ‘1’s. For example, the DCI format 1_1 is used to indicate the minimum value, if the DCI format 1_1 is scrambled by the C-RNTI, and the information field of modulation and coding scheme,the new data indicator and the redundancy version are set as shown in Table 1.
Table 1  Fields for indicating the cross-slot scheduling without data scheduling
	Fields for transport block 2
	DCI format 1_1

	modulation and coding scheme
	set to all '1's

	new data indicator field
	set to '0'

	Redundancy version
	For the enabled transport block: set to '00'


Proposal 11: The minimum value can be indicated by non-fallback DCI without data scheduling.
Impacts on the existing timeline
The PDCCH processing time may be potentially relaxed when a minimum value is indicated to be greater than 0. Relaxation on PDCCH processing time can bring some power saving gain but also some impacts on the existing timeline. In this section, the impact caused by relaxing PDCCH processing time is discussed.
BWP switch delay

In 38.133, UE shall finish BWP switch within the time duration TBWPswitchDelay [6]. Since DCI based BWP switch delay includes PDCCH processing time and period for RF retuning, etc, UE may not be able to finish the BWP switch during the defined BWP switch delay if the PDCCH processing time is relaxed too much, as it is shown in Figure 2. 
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Figure 2 Impact on BWP switch delay

There are two methods proposed in the last meeting to solve this problem. One is to extend the BWP switch delay when cross-slot scheduling is used, the other is to extend the indicated K0/K2 value in the DCI which triggers a BWP switching. However, the second method only involves physical layer, but UE still can not finish BWP switch during the BWP switch delay required by RAN4. So we proposed to adopt the method of extending the BWP switch delay when the UE is indicated with a minimum value greater than zero. However, it needs RAN4 to check whether relaxing PDCCH processing time affects the BWP switch delay or not and whether or not the BWP switch delay can be extended if there is an impact.
Proposal 12: Send an LS to RAN4 to check on the impact of cross-slot scheduling with relaxed PDCCH processing time on BWP switch delay and whether or not the BWP switch delay can be extended if there is an impact.
DRX operation
In Rel-15, the inactivity timer starts or restarts in the first symbol after the end of the PDCCH reception that schedules a new transmission (DL or UL) [2]. However, if minimum value is indicated to be greater than zero and the PDCCH processing time is relaxed, it may cause some problems in DRX operation as it is shown in Figure 3.

If a scheduling DCI is received in the last several slots before DRX onduration timer or DRX inactivity timer expires, UE can not restart the DRX inactivity timer immediately because the UE has not finished decoding the PDCCH, and the UE will switch to DRX off. But gNB may regard the DRX inactivity timer is restarted after the PDCCH reception and UE remains in DRX On. There may be an ambiguity period between UE and gNB, which may lead to a latency of the data scheduling during the ambiguity period.
[image: image12.png]= DO

DRX inactiity timerl.

'DRX onduration timer !
decoding PDCCHtime | .t DRX inactivity timer

B

DRX inactiity timer- |

'DRX onduration timer restart DRX ingctivity timer

‘ambiguity time





Figure 3 Ambiguity period in DRX operation
Observation 5: There is ambiguity about the DRX state between gNB and UE when a UE is indicated with cross-slot scheduling and relaxes the PDCCH processing time.
PDSCH QCL assumption
In Rel-15, the timeDurationForQCL defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL-D information received in DCI. The timeDurationForQCL is used to determine whether the DM-RS ports of PDSCH are quasi co-located with the RS(s) with respect to the QCL type parameter(s) given by the indicated TCI state. If the time offset between the reception of the DCI and the corresponding PDSCH is equal to or greater than timeDurationForQCL, the QCL parameter received in DCI will be applied. Otherwise, it will not be applied[7]. If UE relaxes PDCCH processing timeline, the value of timeDurationForQCL should be increased. 

Observation 6: Relaxing PDCCH processing time will impact the application of QCL type for PDSCH if QCL-D is included.
SFI
In Rel-15, the SFI-index field value in a DCI format 2_0 which indicates a slot format is applied in the same slot the PDCCH is received. It means UE should finish decoding DCI in one slot. If the scheduling DCI is configured in the Type-3 common search space and cross-slot scheduling is indicated, UE can not finish decoding DCI in one slot and the slot format indication can not be applied immediately. UE and gNB may have an inconsistent understanding about the slot format during the decoding time and the data transmitted during this period may be influenced.
Observation 7: Relaxing PDCCH processing time will impact the application of dynamic slot format indication.

In this section we discuss some impacts on the existing timeline caused by relaxing PDCCH processing time. And relaxation of PDCCH processing time may also have impacts in other situations (e.g., BWP inactivity timer, other DCI formats). It may lead to different understanding between gNB and UE if the PDCCH processing time is relaxed during cross-slot scheduling. From the evaluation results in 38.840[3], the most power saving gain for DL transmission comes from reducing PDSCH buffering, while benefits of PDCCH decoding time relaxation were not evaluated. It is suggested that the assumption on the PDCCH processing time remains the same as Rel-15 when cross-slot scheduling is used. 

Proposal 13: The assumption on the PDCCH processing time remains the same as Rel-15 when cross-slot scheduling is used. 
Others
UE assistance information
A UE configured with K0/K2 greater than zero can reduce UE power consumption as the unnecessary DL buffering is avoided. The minimum value of K2 and K2 may affect the traffic latency and processing timeline.  To achieve better performance, UE can report the acceptable minimum threshold (such as K0_min, K2_min) to assist gNB to make an appropriate selection.

Extend PDCCH monitoring periodicity
Some companies proposed to extend PDCCH monitoring periodicity associated with cross-slot scheduling. As both the minimum K0/K2 value and PDCCH monitoring periodicity are configured per BWP. gNB can configure a proper pair of minimum K0/K2 value and PDCCH monitoring periodicity for a particular BWP depends on traffic type, etc.. The necessity to extend PDCCH monitoring periodicity to the minimum K0/K2 value needs further discussion.

Proposal 14: The necessity to extend PDCCH monitoring periodicity to the minimum K0/K2 value needs further discussion.

Conclusion

We have the following observations and proposals.

Observation 1: Using cross-slot scheduling at the beginning of an activated BWP can save more power.
Observation 2: It will be ambiguity about minimum value during RRC reconfiguration procedure.

Observation 3: The formula of max{current k0min, Z} for application delay may lead to unnecessary latency.

Observation 4: It may affect the power saving gain if it is only allowed to indicate UE to perform cross-slot scheduling by non-fallback DCI with data scheduling.

Observation 5: There is ambiguity about the DRX state between gNB and UE when a UE is indicated with cross-slot scheduling and relaxes the PDCCH processing time.
Observation 6: Relaxing PDCCH processing time will impact the application of QCL type for PDSCH if QCL-D is included.
Observation 7: Relaxing PDCCH processing time will impact the application of dynamic slot format indication.

Proposal 1: Cross-slot scheduling can be explicitly or implicitly indicated by power saving signal outside Active Time.

Proposal 2: It is proposed to clarified that the minimum applicable K0 and minimum applicable K2 are separately configured.
Proposal 3: Based on the configuration of minimum K0/K2 for a BWP, we have following proposals.
The bit size of the minimum K0/K2 information field could be 0 or 1 and determined by the RRC configuration.

When there is one RRC configured minimum value, the one bit is used to enable the configured minimum K0/K2 value.

When there are two RRC configured minimum values, the code point of m indicates a minimum K0/K2 with a row index m+1 in the RRC configured list.
Proposal 4: In the case of cross-BWP scheduling, apply the truncation or zero-padding procedure same in Rel-15 to interpret the minimum K0/K2.

If the source BWP is configured with one or two minimum values, while the target BWP has no minimum value, UE needs to truncate the information field. 

If the source BWP has no minimum value, while the target BWP is configured with minimum value, zero-padding is needed. And the minimum value indicated by the padded“0” is used to restriction the DL/UL transmission.
Proposal 5: If a BWP is activated without a minimum value indication (e.g., BWP inactivity timer expire), the value applied for the BWP is determined by Option 2, i.e.,

The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured.

Proposal 6: The minimum available K0/K2 ranges from 0 to 4.
Proposal 7: The applicable minimum values in RRC reconfiguration period should be discussed, and the following solutions can be considered.
The minimum values are not applied in the case that the common TDRA table is used;
The minimum values are not applied in the case that a fallback DCI associated with a common search space is used.
Proposal 8: The application delay is configured by RRC signalling.
Proposal 9: Add a parameter to denote the offset between the CSI-RS resource associated with aperiodic SRS and the DCI triggering SRS, and the parameter can be set to a non-zero value.

Proposal 10: To enable cross-slot scheduling, the offset between DCI which indicates a SPS PDSCH release and the corresponding acknowledgement information should be configured to be greater than zero.
Proposal 11: The minimum value can be indicated by non-fallback DCI without data scheduling.
Proposal 12: Send an LS to RAN4 to check on the impact of cross-slot scheduling with relaxed PDCCH processing time on BWP switch delay and whether or not the BWP switch delay can be extended if there is an impact.

Proposal 13: The assumption on the PDCCH processing time remains the same as Rel-15 when cross-slot scheduling is used. 
Proposal 14: The necessity to extend PDCCH monitoring periodicity to the minimum K0/K2 value needs further discussion.
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