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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]During RAN1#96bis meeting [1], some progress has been made for cross-slot scheduling, and the following agreements on the adaptation of cross-slot/same-slot scheduling were reached: 
	Agreements:
Possible candidate indication methods to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP, where the indication method is to be selected from:
· Alt 1: Indication of a subset of TDRA entries, e.g., bit-map based indication
· Alt 2: Indication of one active table from multiple configured TDRA tables
· Alt 3: Indication of the minimum applicable value
· Note: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 
FFS: Whether and how the minimum applicable K0 (or K2) value of the active DL (or UL) BWP is also applied to cross-BWP scheduling 

Agreements:
· [bookmark: OLE_LINK4]For an active DL and an active UL BWP, a UE can be indicated via 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) where the signalling type is to be down-selected from:
· Alt 1: MAC-CE based
· Alt 2: L1 based
· FFS: How to determine the minimum applicable value if explicit value is not provided.
 


[bookmark: OLE_LINK54][bookmark: OLE_LINK1]In this contribution, analyses and discussions addressing the FFS issues above and other remaining open issues for cross-slot scheduling are presented.
[bookmark: OLE_LINK18][bookmark: _Ref129681832]Adaptation on cross-slot/same-slot scheduling
The issue of adaptation on cross-slot/same-slot scheduling can be divided into the following three main aspects: (1) indication method for minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset; (2) dynamic signaling design for the switch of the above minimum applicable values, and (3) the corresponding required switch delay. The above three aspects are discussed in Section 2.1 to 2.3 respectively, followed by some analysis of BWP-based scheme in Section 2.4.
Indication method for minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset
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, as well as the triggering offset of aperiodic CSI-RS associated with all the triggering states, is larger than zero before DCI is decoded, since both PDSCH and aperiodic CSI-RS requires DL reception. For the second aspect, besides K0, parameter K2 also has to be pre-known by UE to be larger than a certain threshold, since K2 is also essential for the requirement of PDCCH processing speed. Some details on the relationship between power consumption and processing speed can be found in [2]. 
[bookmark: OLE_LINK12]The drawback of cross-slot scheduling is the transmission latency, which causes a UPT loss. To mitigate the impact on latency/UPT, it has been agreed in RAN1#96bis to support dynamic signaling based adaptation of minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset [1]. 
Before the dynamic indication, the values of K0, K2 should be RRC configured first. One set of minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset, is assigned with an index, which is conveyed via dynamic signaling. Different indexes correspond to different combinations of minimum values. There are two types of minimum values set, which differ in whether intended for UE power saving or not. 
· Type 1 set (not intended for UE power saving), which can be no different from Rel-15. For example, minimum value of K0, K2 or aperiodic CSI-RS triggering offset is decided by the corresponding configured TDRA list or aperiodic CSI triggering state list. Besides that, K2 have to satisfy the PUSCH preparing time related to UE capability [5]. Considering the way Rel-15 works, minimum values of Type 1 set doesn’t have to be explicitly configured. For simplicity, not strictly speaking, Type 1 set can also be referred as the set for “same-slot scheduling.” (Typically, PUSCH can’t be same-slot scheduled e.g. for Capability 1 UE.)
· Type 2 set (intended for UE power saving in Rel-16), which can correspond to one or multiple sets, for the purpose of indicating different levels of UE power saving. For simplicity, Type 2 set can also be referred as the set for cross-slot scheduling.
It is worth noting that, minimum K2 should be configured through a different RRC parameter from that of K0, since PUSCH needs extra preparation time after DCI decoded – which is different than PDSCH reception. Generally, minimum K2 is larger than, or at least not smaller, than minimum K0. As for the minimum value of K0 and aperiodic CSI-RS triggering offset, they can also be configured through different RRC parameters. Being configured separately offers more flexibility while doesn’t preclude the case of being configured with the same value.
An example of RRC configuration for the joint indication is listed in Table 1, where only one set intended for UE power saving (Type 2 set) is configured. The Set 1 (Type 1 set) illustrated in Table 1 is configured with explicit minimum values, but it is worth noting that as discussed above, it can also work if this set of explicit values are not configured.
[bookmark: _Ref6994332]Table 1. An exemplary RRC configuration for minimum K0, K2 etc. for dynamic indication
	
	minimum K0
	minimum K2
	minimum aperiodic CSI-RS triggering offset

	Set 1 (Type 1 set)
	0
	1
	0

	Set 2 (Type 2 set)
	1
	2
	1


Proposal 1: Configure minimum values of K0, K2 and aperiodic CSI-RS triggering offset through different RRC parameters.
Next we discuss how to dynamically change the minimum applicable value(s). These values can be activated simultaneously, since all these minimum values are related to the requirement of PDCCH processing speed. After UE receives the joint indication, it can decide the relaxed PDCCH processing time as the shortest one among the PDCCH processing time corresponding to minimum K0, K2 and aperiodic CSI-RS triggering offset.
A general procedure for the adaptation of different minimum applicable values follows.
	· gNB semi-statically configures to UE with TDRA list of PDSCH/PUSCH, as well as aperiodic CSI triggering states. To support potential needs for fast switching back to “same-slot scheduling,” entries of TDRA list with K0=0, K2=0, or triggering states with aperiodic CSI-RS slot offset equalling to 0 are not precluded. (The same as Rel-15.)
· gNB semi-statically configures several sets of minimum slot offset values to UE (as the example shown in Table 1).
· gNB dynamically indicates the index of configured sets of minimum values to UE. The minimum values apply until a new signaling indicates the corresponding values again, i.e. minimum values work in a semi-persistent way.
· [bookmark: OLE_LINK5]For DL/UL scheduling or aperiodic CSI triggering, if the indicated K0/K2 of the scheduled TDRA entry (for PDSCH/PUSCH), or the slot offset of the triggered CSI-RS, is smaller than the corresponding already-indicated minimum values, UE re-interpret the corresponding indicated slot offset as the minimum value.


The reason for UE to re-interpret the smaller-than-minimum value into the minimum value is explained as follows. Take K0 as an example, the number of “legal” TDRA entries would decrease if K0min>0 is indicated. The larger K0min is, the smaller the range of schedulable TDRA becomes, which would have a negative impact on the scheduling flexibility on e.g. SLIV. Therefore, to keep the usability of the “illegal” entries of TDRA list, the UE re-interprets some indicated values.  From the gNB side, since gNB knows UE will re-interpret the smaller-than-K0min value as K0min, gNB can take advantage of this to indicate a TDRA with K0min as slot offset on purpose. Compared with the scheme with subset of TDRA entries schedulable, the re-interpretation keeps the full scheduling flexibility of all possible SLIVs within a slot.
[bookmark: OLE_LINK19]Proposal 2: If the indicated K0, K2 of the scheduled TDRA entry, or the slot offset of the triggered CSI-RS, is smaller than the corresponding already-indicated minimum values, UE re-interprets the indicated slot offset as the already-indicated minimum value.
As for the details on the design of the dynamic signaling to indicate the corresponding minimum values, it is discussed in the next section.
Dynamic signaling design for the indication of minimum applicable values
[bookmark: OLE_LINK7]It has been agreed in RAN1#96bis meeting that the dynamic signaling type is to be down-selected between MAC-CE based and L1 based [1]. It is well known that the transmission latency and UPT will be impacted when the UE adapts to cross-slot scheduling, and the latency is proportional to the minimum value of K0/K2. Since the motivation of dynamic signaling mainly lies in fast switch back to “same-slot scheduling” from cross-slot scheduling, the faster one, i.e. DCI based, should be considered. As for MAC CE, since it is conveyed via PDSCH (which has to be cross-slot scheduled for UEs in cross-slot scheduling mode), the latency needs to take the time needed for PDSCH reception and decoding into consideration, in addition to the time needed for PDCCH decoding. Besides, the power consumption and signaling overhead related to MAC CE based signaling is higher w.r.t. DCI based for the extra PDSCH needed. Moreover, PDSCH is assumed to have a retransmission ratio of 10%, which further increases the corresponding latency, power consumption and signaling overhead.
For DCI based indication of minimum applicable K0, K2 and aperiodic CSI-RS triggering offset, 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: Existing DCI format is assumed, which means scheduling DCI for the correlation on scheduling.
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 power saving signal [1]. For UE-specific power saving signal, the indication can correspond to a bit field in the DCI. For UE-group-common power saving signal, a UE may only have a limited number of bits, whose values represent a specific combination of different operations related to power consumption (or called power saving states). One characteristic of a power saving state is for the indication of minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]For Option 2, explicit indication and 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, which would be an always-existing bit field consumption. For the implicit indication, when there is DL/UL data scheduling, it is automatically switched to “same-slot scheduling.” However, to switch back to cross-slot scheduling, explicit indication or a timer-based scheme may be needed.
From the analysis above, we have the following proposal: 
Proposal 3: Support PDCCH-based power saving signal to indicate minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset.
Effective start time of indicated minimum applicable values
For the effective start time of the new minimum applicable value (take K0 as an example, and denote it as K0min), it should be no earlier than the old K0min slots after receiving a DCI indicating the updated minimum value. To explain the reason, a simple example is shown in Figure 1, where the UE changes from cross-slot scheduling to same-slot scheduling. The old K0min equals to 2 (i.e. cross-slot scheduling), and a DCI indication for change K0min to 0 (same-slot scheduling) appears in slot n+1, then the effective start time of same-slot scheduling is no earlier than slot n+3, which equals to slot 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 change to 0 by that PDCCH. Thus, the power saving of cross-slot scheduling cannot be achieved. 
In summary, the effective start time of the updated minimum value should be no earlier than the old minimum value number of slots after receiving the corresponding value changing DCI. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK15]Proposal 4: For DCI based indication of minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset to switch UE from cross-slot scheduling to same-slot scheduling, the effective start time of the updated minimum values should be no earlier than the old minimum value number of slots after receiving the corresponding value changing DCI.


[bookmark: _Ref4100224]Figure 1. Switching from cross-slot scheduling to same-slot scheduling 
[bookmark: OLE_LINK14][bookmark: OLE_LINK23]Figure 2 shows the switching from same-slot scheduling to cross-slot scheduling, where the old K0min=0, and the new K0min=2. Unlike the case of switching from cross-slot scheduling to same-slot scheduling, where the value of old K0min is generally large enough to include the time needed for PDCCH processing and transition time needed for related module preparing (e.g. clock frequency and voltage reduction), in this case, the old value of K0min is 0. Therefore, the time for the decoding of switching indication and related module preparing has to be taken into consideration. Considering PDCCH monitoring case 1_1, the effective starting slot to use the new minimum value(s) cannot be the same slot where the switching indication is transmitted, and at least a gap of 1 slot is needed. Strictly speaking, the effective start time of the updated minimum values should be no earlier than a pre-defined number of slots, where the number of slots corresponds to the time needed for the decoding of switching indication and related module preparing. The pre-defined number can depend on the SCS of the carrier – the larger the SCS is, the larger pre-defined number of slots it requires. This is because the duration of a slot corresponding to a larger SCS is smaller, thus a larger number of slots is needed for the decoding of switching indication and related module preparation. 
Proposal 5: For DCI based indication of minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset to switch UE from same-slot scheduling to cross-slot scheduling, the effective start time of the updated minimum values should be no earlier than a pre-defined number of slots, where the number can depend on the SCS of the carrier.
Following the basic principle of Proposal 4 and 5, and considering the latency, the shorter the effective start time of the updated minimum values is, the earlier the transmission begins. When further considering the probability of PDCCH miss-detection, some optimization on the effective start time can be done. 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 switch to same slot scheduling while the UE still keeps cross slot scheduling. Hence, if scheduling DCI is used for the indication of minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset, the effective start time 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 Proposal 4 and Proposal 5 as the feedback would not be earlier than the timing in Proposal 4 and Proposal 5.


[bookmark: _Ref7085770][bookmark: _Ref7085766]Figure 2. Switching from same-slot scheduling to cross-slot scheduling
BWP-based adaptation
From the agreements in RAN1#96bis [1], BWP switch is another possible scheme to adapt the minimum available values of parameters related to cross-slot scheduling. According to the current specifications, it is possible to achieve the switch of minimum applicable values of K0, K2 etc. by the indication of BWP switch. There are two main differences from the BWP-decoupled DCI indication: (1) effective start time of indicated minimum values should take the BWP transition time into consideration; (2) inherently separate indication for minimum values for DL/UL.
Generally speaking, the basic principle of effective start time of new minimum value discussed earlier in this paper (Proposal 4 and 5), should also apply to this BWP-based scheme. Some companies have proposed to reduce the special case of BWP switch with the exact same center frequency and bandwidth to be less than the requirements in current TS 38.133, and it may need more specification work. 
The other difference from BWP-decoupled indication is the indication. From the perspective of power saving by turning off the DL reception/buffering, switching to a DL BWP for cross-slot scheduling is enough. However, from the perspective of PDCCH processing speed relaxation, both DL and UL BWP have to be intended for UE power saving (or called cross-slot scheduling for simplicity), which means gNB may have to indicate twice (for DL and UL BWP switching respectively) to achieve relaxed PDCCH processing speed for UE power saving.
[bookmark: OLE_LINK20]Analysis of K1 and aperiodic SRS triggering offset
In RAN1#96bis, some companies [3] also proposed that K1, or aperiodic SRS triggering offset, should be taken into consideration for UE power saving. The impact on the dynamic adaption of minimum K1 and aperiodic SRS triggering offset is discussed in Section 3.1, followed by the analysis of an issue with aperiodic SRS triggering in Section 3.2.
Dynamic adaption of minimum K1 and aperiodic SRS triggering offset
As analyzed in Section 2.1, K2 is not only related to the time for PDCCH processing, but also for PUSCH preparing. Thus the power saving principle of minimum K2 lies in the processing time relaxation for both PDCCH and PUSCH related modules. For the PDSCH related modules, K1 is the key factor determining the corresponding power consumption. Therefore, the impact of K1 should also be considered. 
As for aperiodic SRS triggering offset, it may also relate to the requirement of PDCCH processing speed. 
Therefore, a straightforward way to extend the indication method of minimum applicable values in Section 2.1 is to associate the RRC configuration to be also with K1 and aperiodic SRS triggering offset. An example of RRC configuration for the joint indication is listed in Table 2, where Set 1 is Rel-15-like basic set not intended for UE power saving, and Set 2 is intended for UE power saving in Rel-16. Table 2can be seen as a simple extension of Table 1.
[bookmark: _Ref7033436]Table 2. An example of RRC configuration for minimum K0, K2 etc. for dynamic indication, with aperiodic SRS triggering offset included
	
	minimum K0
	minimum K1
	minimum K2
	[bookmark: OLE_LINK3]minimum aperiodic CSI-RS triggering offset
	minimum aperiodic SRS triggering offset

	Set 1 (Type 1 set)
	0
	0
	1
	0
	0

	Set 2 (Type 2 set)
	1
	1
	2
	1
	1


For the value of minimum aperiodic SRS triggering offset, it could be smaller than minimum K2 for the following two reasons: (1) SRS doesn’t need much long time for preparing, since they are generated by simple sequences (ZC sequences); (2) Typical SRS is at the last few symbols of a slot, which naturally offers a gap for the corresponding required PDCCH processing time. (Rel-15 allowed earliest symbol of SRS is symbol 8, amongst symbol 0 to 13 within a slot.)
For the optimization of required PDCCH processing time, minimum applicable K0 could be used as a reference basis. PDCCH processing time required by other 3 minimum applicable values should not be much shorter than that required by minimum K0 – otherwise PDCCH processing speed can’t be relaxed to the level corresponding to minimum K0. One example required PDCCH processing time is illustrated in Figure 3, with minimum applicable values listed in Table 2 corresponding to index “1” (for cross-slot scheduling). From Figure 3, it can be observed that minimum applicable K2 or aperiodic SRS triggering offset would not cause a shorter required PDCCH processing time, compared with minimum applicable K0 equaling to 1.


[bookmark: _Ref7180543][bookmark: OLE_LINK8]Figure 3. Required PDCCH processing time for minimum applicable {K0, K2, aperiodic CSI-RS triggering offset, aperiodic SRS triggering offset} equaling to {1, 2, 1, 1}
Proposal 6: Minimum values of K2 and aperiodic SRS triggering offset are configured through different RRC parameters.
Triggering offset of aperiodic SRS related CSI-RS
[bookmark: _Hlk515954588]In the current specifications [5], for non-codebook based transmission the UE calculates the precoder used for the transmission of SRS based on the measurement of an associated CSI-RS resource. The CSI-RS resource associated with SRS resource set is configured by higher layer if the SRS resource set is set to ‘nonCodebook’, which is shown in the following. The SRS request field in DCI can trigger an aperiodic SRS resource set and the CSI-RS is located in the same slot as the SRS request field. In this case, even the UE pre-knows the aperiodic SRS triggering offset is larger than 0, UE cannot relax the PDCCH processing timeline and needs buffer the potential CSI-RS as the associated CS-RS resource and the DCI triggering the aperiodic SRS are in the same slot, which is not beneficial for power saving. From the perspective of power saving, if the aperiodic SRS triggering offset is larger than 0, the associated CSI-RS offset can also be larger than zero. Then, for non-codebook based transmission, UE can start to only monitor PDCCH without additional buffering. The CSI-RS offset in this case can be further studied, for example, the CSI-RS offset can be larger than 0 as described in Section 2.1. Only when the DCI triggering aperiodic SRS is detected, the UE will receive and measure the associated CSI-RS. The UE updates the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is not less than 42 OFDM symbols.  The gap between the CSI-RS and SRS in this case can also be considered when we define the CSI-RS offset.
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
            ...
        }
    },
Proposal 7: For non-codebook transmission, support the offset of CSI-RS resource associated with aperiodic SRS to be set to a non-zero value when the aperiodic SRS triggering offset is larger than zero.
Enhancements for CA scenario
[bookmark: _GoBack]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, 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 configured.
It can be configured one set of minimum values for each SCS. For example, for the case with 3 kinds of SCSs (e.g. 15kHz for Pcell, 30kHz for Scell1, 60kHz for Scell2), it may be needed to configure 5 sets of minimum values (same-carrier scheduling on Pcell, Scell1 and Scell2, and Pcell cross-carrier scheduling on Scell1 and on Scell2). A simpler alternative to configuring several set of values is to derive other sets of minimum values from one value implicitly. Take K0 as an example, start from the K0min configured for same-carrier scheduling on Pcell, then other K0min can be derived by a look-up table or an equation. The derivation could take into consideration the required PDCCH processing time, or the time that DL reception/buffering can be turned off, since these two kinds of time are both corresponding to the power saving motivation of cross-slot scheduling.
Proposal 8: For CA scenario, derive the other minimum values of K0, K2 etc. for cross-carrier scheduling or same-carrier scheduling with different SCSs implicitly from one set of configured minimum values for same-carrier scheduling.
Discussions on exceptions not applying cross-slot scheduling 
The applicable PDSCH and PUSCH TDRA table is specified in TS38.214 [5], which are listed in Table 1 and Table 2 in Appendix. Different TDRA table is applied according to different RNTI, PDCCH search space and so on. In RAN1#96bis, it was agreed that the adaptation on the minimum applicable value of K0 doesn’t apply to SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI as following. The other cases that the adaptation on cross-slot scheduling power saving should not be applied need further discussion.
	Agreements:
· The adaptation on the minimum applicable value of K0 does not apply to at least the following cases:
	RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common





For PDSCH scheduled by C-RNTI/MCS-C-RNTI/CS-RNTI scrambled PDCCH in common search space associated with/without CORESET0 and in UE specific search space, adaptation on the minimum K0 is applicable in any of the TDRA tables.
For PUSCH scheduled by MAC RAR as described in Section 8.2 of TS38.213, the PUSCH can be either the first transmission of Msg3 in contention based RACH or the data transmission scheduled by Msg2 in contention-free based RACH. For contention based, when gNB schedules Msg3 by MAC RAR of Msg2, gNB doesn’t know whether the UE can apply the indication of adaptation on scheduling or not, since there are idle/connected UEs and also R15/R16 UEs in the cell. If the indication of adaptation on scheduling is valid by gNB, some UEs such as idle UEs or R15 UE will be impacted. However, for contention-free based, gNB knows which UE is scheduled according to the preamble and whether the UE can apply the indication or not. Hence, for contention based RACH, adaptation on the minimum K2 cannot be applicable for the PUSCH scheduled by MAC RAR in order to not influence the other UEs. But for contention-free based RACH, adaptation on the minimum K2 can be applicable for power saving.
For PUSCH scheduled by TC-RNTI scrambled PDCCH in common search space associated with/without CORESET0 and in UE specific search space, the PUSCH is retransmission of Msg3 for contention based RACH and gNB doesn’t know whether the UE can apply the indication of adaptation on scheduling or not as analyzed in the previous paragraph. It is proposed that adaptation on the minimum K2 is not applicable for TC-RNTI in order to not influence the other UEs.
For the other cases of PUSCH, adaptation on the minimum K2 can be applicable for power saving.
Proposal 9: Minimum applicable value of K0 for PDSCH is applicable to the cases of C-RNTI, CS-RNTI and MCS-C-RNTI. Minimum applicable value K2 for PUSCH does not apply to the following cases and is applicable to other cases:
· PUSCH scheduled by MAC RAR for contention based RACH
· PUSCH scheduled by TC-RNTI scrambled PDCCH in common search space associated with/without CORESET0 and in UE specific search space
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/K1/K2 has been described in Section 2.2 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.
From the above analysis, we have the following proposal.
Proposal 10:  The UE reports relaxed processing timeline values of K0/K1/K2 to gNB.
Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: Configure minimum values of K0, K2 and aperiodic CSI-RS triggering offset through different RRC parameters.
Proposal 2: If the indicated K0, K2 of the scheduled TDRA entry, or the slot offset of the triggered CSI-RS, is smaller than the corresponding already-indicated minimum values, UE re-interprets the indicated slot offset as the already-indicated minimum value.
Proposal 3: Support PDCCH-based power saving signal to indicate minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset.
Proposal 4: For DCI based indication of minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset to switch UE from cross-slot scheduling to same-slot scheduling, the effective start time of the updated minimum values should be no earlier than the old minimum value number of slots after receiving the corresponding value changing DCI.
Proposal 5: For DCI based indication of minimum applicable values of K0, K2 and aperiodic CSI-RS triggering offset to switch UE from same-slot scheduling to cross-slot scheduling, the effective start time of the updated minimum values should be no earlier than a pre-defined number of slots, where the number can depend on the SCS of the carrier.
Proposal 6: Minimum values of K2 and aperiodic SRS triggering offset are configured through different RRC parameters.
Proposal 7: For non-codebook transmission, support the offset of CSI-RS resource associated with aperiodic SRS to be set to a non-zero value when the aperiodic SRS triggering offset is larger than zero.
Proposal 8: For CA scenario, derive the other minimum values of K0, K2 etc. for cross-carrier scheduling or same-carrier scheduling with different SCSs implicitly from one set of configured minimum values for same-carrier scheduling.
Proposal 9: Minimum applicable value of K0 for PDSCH is applicable to the cases of C-RNTI, CS-RNTI and MCS-C-RNTI. Minimum applicable value K2 for PUSCH does not apply to the following cases and is applicable to other cases:
· PUSCH scheduled by MAC RAR for contention based RACH
· PUSCH scheduled by TC-RNTI scrambled PDCCH in common search space associated with/without CORESET0 and in UE specific search space
Proposal 10:  The UE reports relaxed processing timeline values of K0/K1/K2 to gNB.
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Appendix
Table 1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	SI-RNTI
	Type0A common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	RA-RNTI, TC-RNTI
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	P-RNTI
	Type2 common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config



Table 2: Applicable PUSCH time domain resource allocation
	RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [6, TS 38.213]
	No
	-
	Default A

	
	Yes
	
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-AlloTimeDomaincationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SP-CSI-RNTI
	Any common search space not associated with CORESET 0,

UE specific search space
	No
	No
	Default A

	
	
	Yes
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-TimeDomainAllocationList provided in pusch-Config
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1


 


Introduction


 


During 


RAN1#96


bis


 


meeting


 


[1]


,


 


some progress has been made


 


for cross


-


slot scheduling


, and the 


following agreements on 


the adaptation of cross


-


slot/same


-


slot scheduling were reached


:


 


 


Agreements


:


 


Possible candidate indication methods 


to adapt the minimum applicable value of K0


 


(or K2) for an active DL (or 


UL) BWP, 


where the indication method is to be selected from:


 


·


 


Alt 1: 


Indication of a subset of TDRA entries, e.g., bit


-


map based indication


 


·


 


Alt 2: Indication of one active table from multiple configured TDRA tables


 


·


 


Alt 3: 


Indication of the minimum applicable value


 


·


 


Note: Other option is not precluded


 


Note: PDCCH monitoring case 1


-


1 is prioritized for the design. 


 


FFS: Whether and how the minimum applicable K0 (or K2) value of the active DL (or UL) BWP is also applied 


to cross


-


BWP scheduling 


 


 


Agreements


:


 


·


 


For an active DL and an active UL BWP, a UE can be indicated via 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) where the signalling type is to be down


-


selected from:


 


o


 


Alt 1: MAC


-


CE based


 


o


 


Alt 2: 


L1 based


 


·


 


FFS: How to determine the minimum applicable value if explicit value is not provided.


 


 


 


In t


his contribution


, 


analyses and discussions addressing the FFS issues above


 


and other remaining open 


issues for 


cross


-


slot scheduling are presented.


 


2


 


Adaptatio


n


 


on cross


-


slot/same


-


slot scheduling


 


The issue of adaptation on cross


-


slot/same


-


slot scheduling can be divided into the following 


three 


main 


aspects: (1) 


i


ndication method for 


minimum 


applicable values of 


K0, K2 and aperiodic CSI


-


RS triggering 


offset; (2) dynamic signaling 


design 


for 


the 


switch of the 


above 


minimum 


applicable values


, 


and (3)


 


the 


corresponding 


required 


switch delay


.


 


T


he above


 


three 


aspects 


are discussed 


in 


Section


 


2.


1


 


to 


2.


3


 


respectively


, fo


llowed by 


some analys


i


s of BWP


-


based scheme in 


Section


 


2.4


.


 


2.1


 


Indication method for minimum 


applicable values of 


K0, K2 and aperiodic CSI


-


RS 


triggering offset


 


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 las


t symbol of CORESET; (2) Relaxing of PDCCH 


processing timeline


.


 


For the first aspect, UE has to pre


-


know that K0, as well as the triggering offset of 


aperiodic CSI


-


RS associated with all the triggering states, is larger than zero before DCI 


is 


decoded, sin


ce 


both PDSCH and aperiodic CSI


-


RS requires DL reception. For the second aspect, besides K0, parameter 


K2 also has to be pre


-


known by UE to be larger than a certain threshold, since K2 is also essential for the 
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