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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#96bis, we made the following working assumption and agreements related to cross-slot scheduling:
Agreements:
· Regarding aperiodic CSI-RS triggering, at least if a UE is operated with cross-slot scheduling based power saving, 
· If all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states and the PDCCH SCS is equal to the CSI-RS SCS, specification allows the aperiodic CSI-RS triggering offset to be set to a non-zero value.

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:
· Alt 1: MAC-CE based
· Alt 2: L1 based
· FFS: How to determine the minimum applicable value if explicit value is not provided.

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:
Possible candidate indication methods to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, where the indication method is to be selected from: 
· Alt 1: Implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated
· Alt 2: Indication of the minimum applicable value 
· Note: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 

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



Conclusion:
Companies are encouraged to further investigate whether to apply the adaptation for at least the following cases:
· K0 related:
	RNTI
	PDCCH search space

	C-RNTI, CS-RNTI
	

	MCS-C-RNTI
	



· K2 related:
	RNTI
	PDCCH search space

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213

	C-RNTI, TC-RNTI, CS-RNTI
	

	MCS-C-RNTI
	




This contribution discusses some further considerations on cross-slot scheduling for power saving in NR, focusing on the following areas:
· Signalling methods for K0, K2 and aperiodic CSI-RS triggering offset, including
· MAC CE based vs L1 signalling
· Indication of minimum K0 and K2 values
· Switching delay
· UE-specific / group-specific aspects
· Signalling reliability
· Applicability of cross-slot scheduling to URLLC
2. Signalling Method for K0, K2, CSI-RS triggering offset
2.1	MAC-CE based vs L1 signalling
The following methods are possible for signaling K0, K2 and CSI-RS triggering offset:
· Alt 1: MAC-CE based
· Alt 2: L1 based
It is noted that Rel-15 supports changing the minimum possible value for K0, K2 etc. These changes can be effected by either RRC re-configuration of a BWP or via switching of a BWP. Both of these Rel-15 methods involve a (more or less) significant switching delay, which reduces the applicability of the cross-slot scheduling feature (whereby the same-slot / cross-slot scheduling type can be adapted to the current traffic profile). Hence our view is that a fast switching method should be used for adapting the cross-slot scheduling parameters: a DCI-based L1 signalling scheme is ideally suited to providing fast switching of the same-slot / cross-slot scheduling parameters. This L1 signalling can be carried by the PDCCH-based power saving signal / channel which is also being specified as part of this work item. 
Proposal 1: DCI-based L1 signalling is used to indicate minimum values of K0, K2 and CSI-RS triggering offset.
2.2	Indication of minimum K0 (and K2) values
From RAN1#96bis, the following ways to indicate different K0 and / or K2 values were identified:
· 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

Our views on these indication methods are summarized below:
Alt 1: Indication of a subset of TDRA entries, e.g., bit-map based indication
This method allows certain K0 values to be eliminated, but requires a bitmap to indicate those K0 values that are valid. Depending on the size of the TDRA table, the bitmap size can become quite large (e.g. for a 16-entry TDRA table, a 16-bit bitmap is required). The bitmap size becomes particularly problematic if the same-slot / cross-slot scheduling configuration is changed along with other power saving schemes (which would each require their own bitmap fields within the DCI).
Alt 2: Indication of one active table from multiple configured TDRA tables
This method allows different TDRA tables to be defined, where each TDRA table can contain different minimum values of K0 and K2. Whereas this has the advantage that each entry in the configured TDRA table can be used, it has the disadvantage of a large RRC signaling overhead to configure the TDRA table entries in the first place.
Alt 3: Indication of a minimum applicable value
This method allows a single TDRA table to be configured to the UE and for the UE to only activate certain entries within that table, based on the indicated minimum applicable value. Compared to Alt 2, this alternative (along with Alt 1) has the disadvantage that a full-size TDRA table is not available to the scheduler when the minimum K0, K2 values are greater than 0. The advantage is that the number of bits required to signal minimum K0, K2 values is small, for example if the set of possible minimum K0 values is 0, 1, 2, 3, then a 2-bit field within a configuration-changing DCI can be used to control the same-slot / cross-slot scheduling feature.
Given the advantages and disadvantages of the indication methods, our preference is for Alt 3.
Proposal 2. For power saving purposes, DCI indicates minimum applicable values of K0 and K2. 
2.3	Switching delay
The switching delay in applying different minimum values of K0, K2 and CSI-RS triggering offset should take into account (1) minimization of delay (for the reasons given in the previous section), (2) UE power consumption and (3) UE complexity. In our understanding, the switching delay refers to the time between the UE receiving a DCI indicating configuration change and that change taking effect.
Figure 1 shows several scenarios relating to the determination of the switching delay between cross-slot scheduling and same-slot scheduling:
· Same slot scheduling. The UE needs to process and parse the DCI as quickly as possible in order to enter a microsleep state (and turn its RF to a low power mode) as quickly as possible.
· Cross-slot scheduling. The UE can enter microsleep as soon as the PDCCH ADC samples have been received. The UE can process and parse the scheduling DCI in a low power mode (e.g. by operating a portion of an ASIC at a lower clock frequency and / or with fewer cores etc.).
· Configuration-change via power saving signal / channel. When the UE operates in cross-slot scheduling mode, it may be processing and parsing DCI slowly to save power (see middle part of figure and the bullet above). Hence the UE is likely to have only parsed the power saving signal channel indicating a configuration change at slot K0. Hence the UE is unable to change same-slot / cross-slot scheduling configuration more quickly than within K0 slot durations. 

[image: ]
[bookmark: _Ref7536756]Figure 1 – switching delay between cross-slot scheduling and same-slot scheduling

Proposal 3: The switching delay between cross-slot scheduling configurations is the value K0 currently being applied by the UE.
2.4	Power saving signal channel: UE-specific vs group-specific
As stated above, our preference is that the change in configuration of the minimum K0, K2 and CSI-RS triggering offset values is carried by a DCI carried by a PDCCH. The question that remains is whether the PDCCH is UE-specific or group specific.
For power saving purposes, the same-slot / cross slot scheduling parameters should be adapted based on the traffic that is currently being scheduled to the UE (any adaptations to long term traffic profiles can be done via RRC re-configuration, as per Release-15 methods). Since the traffic is UE-specific, the adaptation should also be UE-specific. Furthermore, cross-slot scheduling adaptation is not necessarily the only adaptation that could be signaled to the UE based on the traffic (e.g. number of MIMO layers or BWP may also be adapted for power-saving purposes). Hence, in addition to the bit fields for same-slot / cross-slot scheduling, the DCI may carry other bit fields for the UE. 
Given that the traffic adaptation is UE-specific and there are potentially many bits and bit fields that are required to adapt UE operation to the traffic, our preference is that the DCI causing a cross-slot scheduling configuration change is carried by a UE-specific DCI.
Proposal 4: UE-specific DCI is used to carry the DCI that changes the same-slot / cross-slot scheduling parameters for the UE.
3. Signalling reliability
In the context of the use of same-slot / cross-slot scheduling for UR power saving in NR, we identify two classes of DCI:
· Scheduling DCI. A scheduling DCI schedules a single PDSCH or PUSCH.
· Configuration-changing DCI. The PDCCH-based power saving channel causes a persistent change in the configuration of the UE.
While an error in the scheduling DCI (for example a noise-induced error based on the SNR-BLER performance of the PDCCH) affects a single PDSCH or PUSCH, an error in the configuration-changing DCI potentially affects a large number of PDSCH or PUSCH. An error in the configuration-changing DCI causes the state of the gNodeB to lose synchronisation with the state of the UE. Consider a simplified TDRA table, as shown in Table 1.
[bookmark: _Ref7558480]Table 1 – Simplified example TDRA table
	Row index
	K0
	{S,L}

	1
	0
	{2,12}

	2
	1
	{2,12}

	3
	2
	{2,12}

	4
	3
	{2,12}



Consider the case where the UE has been configured to operate with cross-slot scheduling (e.g. it has been configured to operate with “minimum applicable K0 value = 1”. In this case, the UE will operate using row indices 2,3 and 4 of this table.
Now consider that a configuration-changing DCI is sent to the UE, where that DCI configures the UE to operate with “minimum applicable K0 value = 0”, i.e. that the UE should operate using same-slot scheduling. If the UE does not receive this DCI, the UE will be operating with a “minimum applicable K0 value = 1” and the gNodeB will be operating with a “minimum applicable K0 value = 0”.
With this state mismatch, the gNodeB may send a scheduling DCI to the UE allocating PDSCH with row index 1 of the TDRA table (i.e. indicating K0 = 0). The UE is unable to operate with row index 1 of the TDRA table (since the K0 value of that row is less than the minimum applicable K0 value stored at the UE). The UE could either treat this as an invalid PDCCH (and hence not send HARQ-ACK/NACK feedback to the gNodeB) or consider the PDSCH to be undecodable (and send NACK as HARQ-ACK/NACK feedback). In either case, the gNodeB does not know why the UE failed to decode the PDCCH or PDSCH and may try to re-schedule that PDCCH / PDSCH, assuming that the failure was random (due to SNR-BLER reasons). But however many times the gNodeB re-transmits the PDCCH / PDSCH using row index 1, the UE will not be able to decode the PDCCH / PDSCH. These consecutive errors are due to the state mismatch between the UE and gNodeB.
Observation 1: Errors in a configuration-changing DCI can cause the assumed configuration states of the gNodeB and UE to become unsynchronised.
The above-described consequences of loss of synchronisation between the UE and gNodeB states mean that it is important that the NR power saving features are robust to error mechanisms.
Proposal 5: RAN1 further considers robustness of DCI-based signalling that causes a persistent change in the configuration of the UE.
Potential methods to provide robustness to the DCI signalling include L1 / L2 acknowledgement of a DCI that changes the persistent configiration in UE state or the UE sending an error response (e.g. via an RRC message) if the UE is scheduled with a TDRA table entry that is inconsistent with its minimum applicable values of K0 or K2. Other methods to provide signalling robustness can also be considered. 
4. Applicability of cross-slot scheduling to URLLC
Cross-slot scheduling increases the time between when a resource is scheduled (via PDCCH) and when that resource is active on the air (at a slot offset of K0 for PDSCH or K2 for PUSCH). Hence cross-slot scheduling is inherently unsuitable for URLLC applications. Given the association between MCS-C-RNTI and URLLC operation, there is hence no need to support cross-slot scheduling enhancements for MCS-C-RNTI.
Observation 2: Cross-slot scheduling is unsuitable for URLLC applications.
Proposal 6: Adaptation on the minimum applicable value of K0 and K2 do not apply for MCS-C-RNTI in any search space.
Power saving is important for some URLLC applications, since some URLLC applications may not be mains powered and have limited battery lifetimes. Examples are audio-video production applications and AR applications that are being studied in SA1 under the FS_AVPROD study item.
The general principle of allowing the UE to go to micro-sleep in order to save power can be used in URLLC. For example, restricting the location of the PDSCH to be in a known time window overlapping the PDCCH would allow the UE to only turn its RF on for that known time window. Once the PDCCH has been decoded, the PDSCH can be decoded from samples stored within that known time window. An example is shown in Figure 2 where the PDSCH is restricted to occur within NEND OFDM symbols relative to the start of the PDCCH search space. If PDCCH decoding requires processing beyond the NEND OFDM symbols, a power saving gain can be obtained since the UE can go to microsleep from the NENDth OFDM symbol (i.e. the UE can additionally sleep between t2 and t3 in Figure 2).
[image: ]
[bookmark: _Ref7554971]Figure 2 – Restricting PDSCH to occur within a known time window of the PDCCH in order to save power for URLLC
Power saving methods for URLLC can be studied once the eURLLC design is complete in the Rel-16 eURLLC work item. These power saving methods can be considered in Release-17 work.
5. Conclusion
In this contribution we discuss issues of cross-slot scheduling related to UE power saving in NR.  We observe the following:
Observation 1: Errors in a configuration-changing DCI can cause the assumed configuration states of the gNodeB and UE to become unsynchronised.
[bookmark: _GoBack]Observation 2: Cross-slot scheduling is unsuitable for URLLC applications.
The following proposals are made:
Proposal 1: DCI-based L1 signalling is used to indicate minimum values of K0, K2 and CSI-RS triggering offset.
Proposal 2. For power saving purposes, DCI indicates minimum applicable values of K0 and K2. 
Proposal 3: The switching delay between cross-slot scheduling configurations is the value K0 currently being applied by the UE.
Proposal 4: UE-specific DCI is used to carry the DCI that changes the same-slot / cross-slot scheduling parameters for the UE.
Proposal 5: RAN1 further considers robustness of DCI-based signalling that causes a persistent change in the configuration of the UE.
Proposal 6: Adaptation on the minimum applicable value of K0 and K2 do not apply for MCS-C-RNTI in any search space.
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