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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]During RAN1#97 meeting [1], some progress has been made for cross-slot scheduling on the indication method of minimum applicable value of K0/K2 as following, as well as on some other related aspects. 
	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



[bookmark: OLE_LINK54][bookmark: OLE_LINK1]In this contribution, analysis and discussions addressing the remaining issues of cross-slot scheduling for UE power saving are presented. 
[bookmark: _Ref15939295][bookmark: _Ref129681832]Adaptation of minimum K0/K2/CSI-RS triggering offset in the same BWP
[bookmark: _Ref15939419]Configuration and DCI-based indication of minimum K0 and K2 value
The UE power consumption reduction by cross-slot scheduling mainly lies in the following two aspects: (1) Narrow band reception only containing CORESET time-frequency resource for PDCCH decoding, as well as turning off the reception/buffering after the last symbol of CORESET; (2) Relaxing of PDCCH processing timeline. For the first aspect, UE has to pre-know that K0 is larger than zero before DCI decoded. (As for the minimum applicable value of aperiodic CSI-RS triggering offset, which also relates to DL reception, it has been agreed to be the same as that of K0 [1].) For the second aspect, besides K0, parameter K2 also has to be pre-known by UE to be larger than a certain value, since K2 also impacts the PDCCH processing speed for uplink grant. Some details on the relationship between power consumption and processing speed can be found in [2]. 
L1 signaling was agreed to be used for the adaptation of minimum K0/K2/CSI-RS triggering offset in the same active BWP and it was also agreed that the aperiodic CSI-RS triggering offset is implicitly indicated as the same as the indicated minimum K0 value. To follow the same design principle, the minimum K2 value should be also jointly indicated with the minimum K0 value. This is due to the fact that both K0 and K2 shares the same time duration for PDCCH processing and DCI parsing, for which the processing speed impacts the UE power consumption, and K2 has some additional time for PUSCH preparation. A non-zero minimum K2 does not make sense for power saving if the minimum K0 is still set to 0.  For more efficient signaling, a joint indication of minimum K0/CSI-RS triggering offset and minimum K2 is preferred. 
To achieve the jointly indication, before the DCI-based indication, the mapping/coupling between the minimum applicable values of K0 and minimum applicable values of K2 should be RRC configured firstly. A set of the coupled combinations of (minimum K0, minimum K2) are assigned by RRC configuration. Either minimum K0 or minimum K2 adaptation is indicated, which is to be conveyed via DCI, the other minimum value, i.e. minimum K2 or minimum K0, shall be implicitly updated accordingly. As we analyzed, the reason for these two values to be indicated jointly is that they are both related to the requirement of PDCCH processing speed. 
It is worth noting that, minimum applicable value of K2 should be configured through a different RRC parameter from that of K0, since PUSCH needs extra preparation time after DCI decoded – which is unlike PDSCH reception. Generally speaking, minimum K2 value is larger than, or at least not smaller than minimum K0 value. 
An example of RRC configuration for the joint indication of minimum K0 and K2 value is listed in Table 1, where only one set of combination of (minimum K0, minimum K2) intended for cross-slot scheduling is configured – but it is worth noting that it can also be multiple sets corresponding to different levels of UE power saving. The combination of (minimum K0, minimum K2) in the first row in Table 1 is configured with explicit minimum values, but it can also work like Rel-15 without this set of values explicitly configured.
[bookmark: _Ref6994332]Table 1. An exemplary RRC configuration for minimum K0 and K2 value for DCI-based indication
	minimum K0
	minimum K2

	0
	1

	1
	2


Proposal 1: The value of minimum K0 and minimum K2 are configured through different RRC parameters, and the combination of (minimum K0, minimum K2) are jointly indicated.
Design of DCI for indication of minimum K0/K2 adaptation
One issue is how to do the DCI-based indication. The following two options can be considered: 
· Option 1: PDCCH-based power saving signal (more details can be found in our companion paper [4]). A new designed DCI format is assumed.
· Option 2: Using existing scheduling DCI format.
For Option 1, it has been agreed in RAN1#96bis meeting that the indication of cross-slot scheduling is one of the potential DCI contents in the DCI of PDCCH-based power saving signal [5], and the indication can correspond to a bit field in the DCI. 
[bookmark: OLE_LINK18][bookmark: _GoBack]For Option 2, in RAN1#97 meeting it has been agreed that the scheduling DCI format is at least supported for cross-slot scheduling based power saving in the Active Time [1], and explicit indication or implicit indication can be possible. If it is indicated explicitly, a new DCI field may need to be added to the Rel-15 scheduling DCI format, or re-purpose the existing DCI field(s) in current specification. If a new DCI field is added, a straight forward way is introducing one or more bit(s) to indicate the minimum applicable K0/K2. The number of bit(s) depends on the candidates of the minimum applicable K0/K2. However, if more than one minimum K0 values are supported, more than one bits may be needed. Therefore, another efficient way is adding one bit as a flag to indicate whether or not to update the minimum applicable K0/K2, and if the flag bit indicates to update the minimum K0/K2, the existing DCI field(s), e.g. TDRA field, can be used to indicate the minimum applicable K0/K2. As an example, if the new flag bit equals to 0, the UE does not update the minimum applicable K0/K2, otherwise, the UE updates the minimum applicable K0/K2 according to the existing DCI field, e.g., the minimum applicable K0/K2 updates to K0/K2 indicated by time domain resource assignment field. If the indicated K0/K2 is not smaller than the old minimum applicable K0/K2, the UE is required to process PDSCH/PUSCH and update the minimum applicable K0/K2, otherwise, the UE only updates the minimum applicable K0/K2 and does not need to process PDSCH/PUSCH. In the second way, only 1 bit is added by scheduling DCI no matter how many the candidates of the minimum applicable K0/K2 are supported. 
From the analysis above, we have the following proposal: 
Proposal 2: Support PDCCH-based power saving signal to indicate minimum applicable values of K0 and K2.
Proposal 3: For the switching of minimum applicable values of K0 and K2, add 1 bit in the scheduling DCI format to indicate whether or not to update the minimum applicable K0/K2 by using the K0 or K2 value indicated by TDRA field.
Application delay of indicated minimum K0 and K2
In RAN1#97, the following conclusion for the application delay is proposed.
	Conclusion:
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  for K0, or slot  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



From the above conclusion, the application delay (“X” slots) should accommodate a number of both “Y” and “Z” slots. To address the details in the above conclusion, the following discussions give analyses on the delay parameters “Y” and “Z” respectively. The rest of this subclause only deals with the scenario in the same active BWP and without cross-BWP or cross-carrier scheduling considered. The consideration for cross-slot scheduling involving BWP switching is discussed in Section 3, and for CA scenario is discussed in Section 4.
Analysis of “Y”
Y is the minimum applicable value of K0 or K2 prior to the DCI-indicated change. Y mainly limits the application delay in the scenario switching from cross-slot scheduling to same-slot scheduling, since the minimum applicable K0/K2 value for cross-slot scheduling (prior to the DCI indication) is larger.
An example based on K0 is shown in Figure 1, where the UE is indicated to change from cross-slot scheduling to same-slot scheduling. Denote the minimum value of K0 as K0min. The old K0min prior to DCI indication (i.e. Y) equals to 2 (cross-slot scheduling), and a DCI indication for changing K0min to 0 (same-slot scheduling) appears in slot n+1, then the application delay of same-slot scheduling is no earlier than slot n+3, which equals to n+1 plus old K0min. If same slot scheduling starts right after the DCI indication in slot n+1, then even an old K0min larger than 0 cannot guarantee cross-slot scheduling for each PDCCH monitoring occasion, since UE never knows whether K0min would be indicated to be changed to 0 by that PDCCH. Thus, the power saving of cross-slot scheduling cannot be achieved. 
In summary, the application delay of the updated minimum applicable value should be no earlier than Y slots after receiving the corresponding DCI indication, where Y is the minimum applicable value of K0 or K2 prior to the indication. 
[image: D:\Working\~3GPP\t-doc撰写\201908 RAN1#98\power02 cross-slot scheduling\pics\Fig1 - cross-slot.png]
[bookmark: _Ref4100224]Figure 1. Switching from cross-slot scheduling to same-slot scheduling 
Analysis of “Z”
Z is the smallest feasible non-zero application delay, which is caused by the time needed for DCI decoding and transition time needed for the related module preparing (e.g. clock frequency and voltage change of PDCCH module). Z mainly limits the application delay in the scenario switching from same-slot scheduling to cross-slot scheduling, where Y (old K0min or K2min) is usually too small to accommodate the time of Z slots.
[bookmark: OLE_LINK14]Figure 2 shows the switching from same-slot scheduling to cross-slot scheduling, where the old K0min=0, and the new K0min=2. Considering PDCCH monitoring case 1_1, the application slot to use the new minimum value(s) cannot be the same slot where the DCI indication is transmitted, and at least a gap of e.g. Z=1 slot is needed for DCI decoding and related module transition. 

[image: D:\Working\~3GPP\t-doc撰写\201908 RAN1#98\power02 cross-slot scheduling\pics\Fig2 - cross-slot.png]
[bookmark: _Ref7085770][bookmark: _Ref7085766]Figure 2. Switching from same-slot scheduling to cross-slot scheduling 
Considering the scenario of different SCS, Z should be a pre-defined SCS-dependent parameter to correspond to a duration longer than the time needed for DCI decoding and related module preparing. Typical values of Z for different numerology are shown in Table 2
[bookmark: _Ref12282386]Table 2. Typical values of “Z”
	
	Z

	0
	1

	1
	1

	2
	2

	3
	2



Proposal 4: For the scenario without cross-BWP or cross-carrier scheduling, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot n+X for K0 or K2, with X=max(Y, Z), where Y is the minimum K0 or K2 prior to the DCI-indicated value change, respectively, and Z is listed in the following Table.
	
	Z

	0
	1

	1
	1

	2
	2

	3
	2



Additional consideration
Following the basic principle that the application delay should be no smaller than X=max(Y, Z), when further considering the probability of PDCCH miss-detection, some other aspects on the application delay can be also considered. This is because DCI miss-detection would lead to the miss-match between the behavior of gNB and the UE. When the gNB indicates to switch to same-slot scheduling from cross-slot scheduling, if the DCI is miss-detected, gNB will assume UE to be same-slot scheduled while the UE still keeps the power saving state of cross-slot scheduling, which may lead the UE miss the PDSCH/PUSCH scheduled in the same slot. Hence, when scheduling DCI is used for the indication of minimum applicable values of K0 and K2, the application delay of the updated minimum values can be after the feedback (i.e., HARQ-ACK regardless of ACK or NACK corresponding to DL scheduling DCI, or PUSCH corresponding to UL grant) from UE. This is for the purpose of reaching an alignment between gNB and UE on the minimum applicable values for later scheduling. Updating the minimum values after the feedback also satisfies the basic principle of application delay that not smaller than X=max(Y, Z), because the feedback would not be earlier than slot n+X.
Additional case on the minimum value of aperiodic CSI-RS triggering offset
In RAN1#97, the following agreements on the triggering offset of aperiodic CSI-RS are reached. 
	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.



Generally, we understand that aperiodic CSI-RS means the CSI-RS resource(s) defined in NZP-CSI-RS-ResourceSet which is configured as ‘aperiodic’ and CSI request field in DCI triggers one of aperiodic NZP-CSI-RS-ResourceSet. In this section, a special scenario on aperiodic CSI-RS triggering offset should be further clarified, which is the CSI-RS resource associated with aperiodic SRS in case of non-codebook based SRS transmission. 
In the current specifications [3], for non-codebook based SRS transmission, the CSI-RS resource associated with aperiodic SRS is specified as fixed in the same slot of the SRS request DCI. The UE calculates the precoder used for the transmission of SRS based on the measurement of the associated CSI-RS resource. The CSI-RS resource associated with the SRS resource set is configured by higher layer if the SRS resource set is set to ‘nonCodebook’, which is shown below. 
SRS-ResourceSet ::=                     SEQUENCE {
    srs-ResourceSetId                       SRS-ResourceSetId,
    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL, -- Cond Setup

    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            aperiodicSRS-ResourceTrigger            INTEGER (1..maxNrofSRS-TriggerStates-1),
            csi-RS                                  NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            slotOffset                              INTEGER (1..32)                                     OPTIONAL, -- Need S
            ...,
            [[
            aperiodicSRS-ResourceTriggerList-v1530      SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))
                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL  -- Need M
            ]]
        },
        semi-persistent                         SEQUENCE {
            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            ...
        },
        periodic                                SEQUENCE {
            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            ...
        }
    },

The SRS request field in DCI can trigger an aperiodic SRS resource. For power saving SRS triggering offset can be set to larger than zero by RRC configuration. However, UE still cannot relax the PDCCH processing timeline and needs buffer the potential CSI-RS as the associated CSI-RS resource is fixed in the same slot where the triggering DCI is received. This violates the benefit of using cross-slot scheduling based power saving technique. To enabling the cross-slot scheduling based power saving, it is proposed to support the associated CSI-RS offset to be larger than zero for non-codebook based SRS transmission. Then, UE can start to only monitor PDCCH without additional buffering in case of non-codebook based SRS transmission. For simplicity, the associated CSI-RS offset in this case can be aligned with the triggering offset of the CSI request DCI triggered aperiodic CSI-RS, which is the same as the minimum applicable K0. Only when the DCI that triggers aperiodic SRS is detected, the UE will receive and measure the associated CSI-RS. The UE can skip the buffering of symbols in the slot where the PDCCH is monitored. 
Proposal 5: For non-codebook SRS transmission, support the offset of CSI-RS resource associated with the aperiodic SRS to be set to the minimum applicable K0.

Error handling 
In RAN1##97, it was agreed that 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). However, unfortunately miss-detection of PDCCH is always possible in deployment. Therefore, a DCI updating minimum K0/K2 may be missed by the UE. Therefore, an entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum value is still possible. Considering the DCI is protected by CRC, false alarm rate is relatively low. Then if the UE is indicated with a K0/K2 value which is smaller than the current minimum applicable value, it is probable that a new smaller minimum applicable value is miss detected by the UE. Therefore, the UE can update its minimum applicable K0/K2 accordingly. For example, the UE can set the K0/K2 in the scheduling DCI as the minimum applicable K0/K2, or switch to same-slot scheduling (i.e. set K0/K2 as 0) directly. Since in this case the UE process PDCCH decoding slower than the gNB’s expectation, when the UE finishes decoding the occasion for PDSCH/PUSCH may already pass by. Therefore the scheduling by this DCI should be ignored by the UE.

[bookmark: _Ref15939251]Cross-slot scheduling involving BWP switching
According to the current Rel-15 specifications, it is possible to achieve the switch of minimum K0/K2 value within the TDRA list by BWP switching. An enhancement in Rel-16 could be to associate a BWP with a default minimum applicable value of K0 (for DL BWP) or K2 (for UL BWP), which is discussed in Section 3.1. The application delay of minimum K0/K2 value involving BWP switch is analyzed in Section 3.2. Some other consideration for BWP-based design of cross-slot scheduling are discussed in Section 3.3.
[bookmark: _Ref15482581][bookmark: OLE_LINK2]First used minimum K0/K2 value for a BWP
Before the discussion on cross-slot scheduling when BWP switching is involved, we want to clarify that the adapted minimum K0/K2 values in Section 2 is inside the same active BWP. However, if the  BWP switching is supported and configured on the UE, the cross-slot scheduling based power saving, including how to set the minimum K0 value  in the target BWP, needs to be discussed and specified. For the indication of minimum K0/K2 value when BWP switch, a natural way is to associate a default minimum K0 for each DL BWP (For aperiodic CSI-RS triggering offset, it has been agreed that its minimum applicable value is the same as that of K0 [1]), and a default minimum K2 for a UL BWP, respectively. The default minimum K0/K2 value of a BWP works as the corresponding minimum scheduling offset when the BWP is switched to. The minimum K2 or minimum K0 value in the same row of Table 1 shall implicitly take effect, which corresponds to the default minimum K0 or minimum K2 value of the new DL/UL BWP.
Another way is calculating the minimum applicable K0/K2 to match the new BWP. It is a common understanding that a larger value of K0/K2 allow the UE to lower down its voltage and process more slowly. If the working mode is not changed, the time needed for the UE to process may be the similar in absolute time regardless which BWP it is working on. Therefore, if the active BWP is switched without newly indicated minimum K0/K2 value, the current minimum K0/K2 value should be scaled to match the new active BWP’s numerology. Specifically, if the DL BWP is switched, the minimum K0 value should be , and if the UL BWP is switched, the minimum K2 value should be .
It can be observed that in both alternatives discussed above, the minimum K0/K2 can be implicitly decided on the target BWP when BWP switching happens. If an explicit field is introduced in the scheduling DCI format for indication of minimum K0/K2 adaptation in the same active BWP only case, for BWP switching case, it needs further discussion on how to handle the minimum K0/K2 value implicitly for the target BWP and the minimum K0/K2 value indicated by the explicit field. Some priority may need to be defined or for simplicity the BWP ID field can be indicated to carry a target BWP ID or an explicit minimum K0/K2 value in the same BWP by using a flag bit. 
Proposal 6: Further discuss on how to determine the first used minimum applicable K0/K2 value on a new BWP.

[bookmark: _Ref15939345]Application delay of minimum K0/K2 value involving BWP switch
As discussed in Section 3.1, minimum K0/K2 may be adapted or to be mapped on the target BWP when BWP switching is triggered. In this case, for the application delay of indicated minimum K0/K2 value, the same basic principle of application delay of new minimum value discussed earlier in this paper (Proposal 5), should be also applied. 
Another small issue is that it is natural that the indicated new minimum value should refer to the new BWP. For example, if a switching DCI indicates a new minimum applicable K0 value as 2, the indicated 2 slots should refer to the new BWP’s numerology.
Proposal 7: For the scenario with BWP switching enabled, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot  for K0, or slot  for K2, where X is defined the same as the scenario without BWP switching, and / represent the subcarrier spacing of the target DL/UL BWP.
Some companies have proposed to reduce the switch delay of the BWP switch with no change of center frequency, bandwidth or numerology (designated to K0min/K2min switch) to be less than the switch delay defined in current TS 38.133 [6]. For this specialized case of BWP switch, the switch delay has essentially no difference from the application delay of K0min/K2min.
[bookmark: _Ref15939356]Scheduling delay for cross-BWP scheduling
In Rel-15, a BWP switch delay is specified in TS 38.133 for cross-BWP scheduling as follows:
For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch on the first DL or UL slot occurs right after the beginning of DL slot n+ TBWPswitchDelay.
With such a switch delay restriction, a UE must complete scheduling DCI processing, RF switching, new parameter application and data preparation (only for UL BWP switching) in TBWPswitchDelay slots. When the cross-slot scheduling state is enabled, the PDCCH processing is relaxed for power saving. However, since the UE does not know whether a cross-BWP scheduling would be issued when monitoring PDCCH, the PDCCH processing timeline cannot be relaxed if the BWP switch delay is not relaxed even if the indicated minimum K0/K2 is larger than TBWPswitchDelay. To enabling the usage of cross-slot scheduling based power saving, a relaxed scheduling delay should be considered for BWP switching. As an example, TBWPswitchDelay+minimum K0/K2 can be used as the BWP switching delay when cross-slot scheduling based power saving is enabled.
[image: D:\Working\~3GPP\t-doc撰写\201908 RAN1#98\power02 cross-slot scheduling\pics\Fig3.png]
Figure 3. Example of application minimum K0/K2, which is larger than BWP switch delay, for same-BWP scheduling 
Proposal 8: The BWP switching delay needs to cover the relaxed minimum applicable K0/K2 due to the relaxed PDCCH processing.

[bookmark: _Ref15939131]Enhancements for CA scenario
The above discussion on minimum values of K0, K2 assume same-carrier scheduling, or the case where scheduling carrier and scheduled carrier have the same SCS. In CA, the active BWP on different carriers may have different SCS, and the corresponding minimum values of K0, K2 etc. for same-slot/cross-slot scheduling and different SCSs need to be assigned. To align the required PDCCH processing time corresponding to minimum K0/K2 values for different SCSs, an derivation method is shown as following. Take K0 as an example, one or several reference minimum applicable value(s) of K0 for cross-slot scheduling (e.g. 15kHz) can be defined on a reference SCS. Assume the numerology parameter for reference SCS as , and the corresponding minimum K0 value for same-carrier scheduling on BWP with reference SCS as . For PDCCH on a scheduling CC1, with scheduled PDSCH on CC2, consider the PDCCH location Case 1_1 with the 3rd symbol to be the end of the corresponding PDCCH, the minimum K0 is derived as: 

Note that CC1 and CC2 can be the same carrier or different carriers, which means that the above equation can derive a s for cross-slot scheduling from a reference , for both the same-carrier scheduling case and cross-carrier scheduling case for any SCS combination of scheduling CC and scheduled CC(s).
Figure 4 gives an intuitive example of deriving minimum K0/K2 values from that for reference SCS. The derivation is based on aligned PDCCH processing time required. Assume a reference K0min=2 on reference SCS, and the corresponding derived K0min(s) for same-carrier or cross-carrier scheduling is depicted in Figure 4. From the figure, it can been seen that for any combination of scheduling and scheduled CC(s), the corresponding required PDCCH processing time is generally aligned, i.e. similar level of UE power saving by PDCCH processing time relaxing.
[image: D:\Working\~3GPP\t-doc撰写\201908 RAN1#98\power02 cross-slot scheduling\pics\Fig4 - multi SCS.png]
[bookmark: _Ref7187563]Figure 4. An example of deriving other minimum values of K0 for other carrier with different SCS from configured reference K0 value(s) for same-carrier scheduling with reference SCS.
Proposal 9: For CA scenario, derive the minimum values of K0 and K2 on the same or different carriers with any SCSs from one set of configured minimum values based on reference SCS.
Another issue discussed during last meeting for cross-carrier scheduling is about the “”. To avoid too much DL reception/buffering on the scheduled carrier (i.e. carrier without PDCCH monitoring configured), some companies proposed that a duration of  should be inserted between PDCCH on the scheduling CC, and the PDSCH on the scheduled CC, when the SCS of the scheduled CC is larger than that of the scheduling CC. We think this issue should be mainly discussed under CA topic, and only consider its impact to cross-slot scheduling for UE power saving here.
For the case of same-slot scheduling,  works as the implicit minimum K0 value on the scheduled CC for cross-carrier scheduling, since it is greater than zero. However, for the case of cross-slot scheduling, since the duration corresponding to  slots on the scheduled CC with larger numerology, is shorter than the duration corresponding to one slot on the scheduling CC, it does not have impact on the derived minimum value of K0 for cross-slot scheduling. 
Observation 1: For cross-carrier scheduling, “” is the implicit minimum K0 value on the scheduled CC for same-slot scheduling, and does not impact cross-slot scheduling.
Other impacts
UE assisted scheduling/processing timeline
From the analyses in [2], a UE with a relaxed processing timeline would be able to work with lower clock frequency and lower voltage which has exponential contribution on the UE power consumption, which is commonly referred as DVFS (Dynamic Voltage Frequency Scaling). Analyses in Section 2.1 has mentioned K0 and K2 is related to the power consumption of PDCCH module. In addition, K2 is also related to PUSCH module, while K1 is related to PDSCH module.
Beyond what has already been defined in Rel-15 associated with the UE capability, further power saving could be achieved at the cost of larger scheduling delay. However, gNB has no information about each UE on whether it would benefit from power saving by a further relaxed K0/K1/K2. To achieve a common understanding between gNB and UE on scheduling time relaxation, a possible mechanism could be that, UE reports a relaxed minimum K0/K1/K2 (other than Rel-15 UE capability associated timeline) to gNB. Then after gNB assesses performance degradation with the service requirement (latency, UPT etc.), gNB decides whether or not to apply the requested configuration.  
[bookmark: OLE_LINK16]The mechanism for applying minimum K0/K2 has been described in Section 2 by dynamic indication of the corresponding minimum values from gNB to UE. In addition, as for the triggering offset of aperiodic CSI-RS or aperiodic SRS, it can be inferred and then decided by gNB from the assisted value of K0 or K2 from UE respectively. More detailed information can be found in our companion paper [8].
From the above analysis, we have the following proposal.
[bookmark: OLE_LINK41]Proposal 10:  The UE reports relaxed processing timeline values of K0/K1/K2 to gNB.
[bookmark: OLE_LINK39]Minimum K0/K2 causes inconsistency on the DRX state
The introduction of minimum K2 (and K0) is for the reduction of PDCCH processing speed, which can bring power saving on UE. In Rel-15, the DRX operation assumes the PDCCH processing can be finished in the same slot, i.e. minimum K0 is 0 and 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) [10]. 
However, when cross-slot scheduling is enabled, the relaxation of PDCCH processing timeline due to the application of minimum K0/K2 may cause the DCI parsing to be completed in a slot other than the slot where PDCCH is transmitted. This may have some impacts on the DRX operation. 
For a DCI that carries the indication of a new transmission (DL or UL) for a user, if it is successfully decoded after the current DRX active time ends, the network and this user will have inconsistent understandings on the DRX state for a duration that is right after the current DRX active time. As shown in Figure 5, following Rel-15 DRX operation, the network starts/restarts the drx-InactivityTimer immediately after the transmission of the DCI that indicates a new transmission, however the user cannot be able to start/restart the timer until it completes the PDCCH decoding and DCI parsing, which would be in the later slot n+minimumK0-1 (assume PDCCH is transmitted in slot n). Hence, for the DCI parsing time that is outside the current DRX active time, the network thinks that the user is still within the active time while the user does not monitor PDCCH. The user will lose the DCI transmitted during this ambiguous duration, which consumes unnecessary network resources and power consumption. 
[image: D:\Working\~3GPP\t-doc撰写\201908 RAN1#98\power02 cross-slot scheduling\pics\Fig5.png]
Figure 5. An ambiguous duration is introduced within which the network and UE have inconsistent understandings on the DRX state if the DCI parsing is finished after the current DRX active time ends.
To align the understandings of the network and UE on the PDCCH monitoring, some UE behaviours can be defined. For example, the user does not expect to receive a DCI for a time duration of minimum K0-1 slot(s) right after the current DRX active time. Then the network does not transmit DCI for this duration even if the drx-InactivityTimer has been started/restarted by the network.
Proposal 11:  The impacts of cross-slot scheduling on the ambiguity of DRX active time due to the relaxation of PDCCH processing timeline should be discussed.
Conclusion
Based on the analyses and discussions, we have the following observation and proposals:
Observation 1: For cross-carrier scheduling, “” is the implicit minimum K0 value on the scheduled CC for same-slot scheduling, and does not impact cross-slot scheduling.
Proposal 1: The value of minimum K0 and minimum K2 are configured through different RRC parameters, and the combination of (minimum K0, minimum K2) are jointly indicated.
Proposal 2: Support PDCCH-based power saving signal to indicate minimum applicable values of K0 and K2.
Proposal 3: For the switching of minimum applicable values of K0 and K2, add 1 bit in the scheduling DCI format to indicate whether or not to update the minimum applicable K0/K2 by using the K0 or K2 value indicated by TDRA field.
Proposal 4: For the scenario without cross-BWP or cross-carrier scheduling, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot n+X for K0 or K2, with X=max(Y, Z), where Y is the minimum K0 or K2 prior to the DCI-indicated value change, respectively, and Z is listed in the following Table.
	
	Z

	0
	1

	1
	1

	2
	2

	3
	2


Proposal 5: For non-codebook SRS transmission, support the offset of CSI-RS resource associated with the aperiodic SRS to be set to the minimum applicable K0.
Proposal 6: Further discuss on how to determine the first used minimum applicable K0/K2 value on a new BWP.
Proposal 7: For the scenario with BWP switching enabled, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot  for K0, or slot  for K2, where X is defined the same as the scenario without BWP switching, and / represent the subcarrier spacing of the target DL/UL BWP.
Proposal 8: The BWP switching delay needs to cover the relaxed minimum applicable K0/K2 due to the relaxed PDCCH processing.
Proposal 9: For CA scenario, derive the minimum values of K0 and K2 on the same or different carriers with any SCSs from one set of configured minimum values based on reference SCS.
Proposal 10:  The UE reports relaxed processing timeline values of K0/K1/K2 to gNB.
Proposal 11:  The impacts of cross-slot scheduling on the ambiguity of DRX active time due to the relaxation of PDCCH processing timeline should be discussed.
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