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Introduction

In the RAN #83 meeting, the new work item of UE power saving in NR was approved [1]. The agreements achieved regarding cross-slot scheduling in the RAN1#96bis are listed in the appendix [2].
This contribution provides our views on procedures of cross-slot scheduling power saving techniques. The contents are updated from R1-1905186.

Discussion

Main philosophy of power saving from cross-slot scheduling 
Cross-slot scheduling was evaluated and concluded to achieve power saving gain in the study item phase. Before going to the procedure design discussion, it is beneficial to analyze the philosophy of how the gain is obtained. 

· Traffic adaptation
By using the gap between the control and data channel, some PDCCH monitoring and PDSCH buffering efforts can be skipped. However, it is noted that the baselines for comparison are self-slot scheduling with certain DRX configurations without appropriate traffic adaptations. Thus, some of the performance gain coming from potential micro-sleep and slower processing timeline is actually from traffic adaptation by introducing scheduling gaps and delay for traffic delivery.
Observation 1:  Cross-slot scheduling performance gain can be obtained from traffic adaptation by introducing assumption that UE may go to micro-sleep during the gap between data channel and control channel.

· Traffic aggregation
Based on the current agreed power model, cross-slot scheduling power consumption for a TB is PDCCH-only * 0.7 + PDSCH-only = 70 + 280 = 350, while PDCCH + PDSCH in a slot is 300. Hence for a single scheduling, cross-slot scheduling is not an efficient way for power saving. Even though UE can go to micro-sleep after PDCCH reception, it is not a better option than utilizing self-slot scheduling and making UE sleep earlier, unless it is not feasible to do so.
On the other hand, if UE is configured to monitor PDCCH anyway in a relatively longer period, cross-slot scheduling can reduce the PDCCH monitoring power consumption and skipping buffering the data part. For example, to monitor PDCCH in 10 slots, cross-slot scheduling uses 700 units while normal same-slot scheduling uses 1000 units. However, it is also a controversial point that why gNB needs to keep UE in a long period and only schedules the UE in a small portion of active period. A smarter gNB willing to peruse lower UE power consumption should perform better traffic adaptation.
In our opinion, besides the traffic adaptation, the other main benefit brought by cross-slot scheduling comes from the possibility of aggregating multiple TBs into one slot to reduce the UE active time. For example, if two TB are scheduled with cross-slot scheduling in the PDSCH in the same slot, the power consumption is 70 + 70 + 280 = 420, while the same slot scheduling is 300 + 300 = 600. In this example, even UE buffers both control and data parts in each slot but cross-slot scheduling is assumed, the power is 100 + 100 + 300 = 500, which is still more efficient than same slot scheduling. The benefit can become more obvious along with more TBs are aggregated within a slot.
Observation 2: By proper implementation of gNB scheduler, the data transmission can be aggregated into smaller number of slots by cross-slot scheduling, which is the other main enabler of saving power consumption. 

Cross-slot scheduling procedure
Based on the above observations, for cross-slot scheduling procedure, the following UE behaviours should be clarified:
1. For minimum K0 > 0, the UE can skip the PDSCH part buffering in the slots configured for PDCCH monitoring. The K0 value determines how fast UE is required to process PDCCH. A larger K0 value can relax the processing capability and lower the chipset voltage and frequency (DVSF). For each scheduling, the actually used K0 between PDCCH and PDSCH indicated by gNB depends on the packet scheduling aggregation strategy and traffic latency requirement. As shown in Figure.1, the K0 values are 4, 3, and 2 for PDCCH #1, #2 and #3 respectively. For PDCCH #4 and #5, the K0 values are 2 and 1.
2. It is a separate discussion point that whether the UE can also skip the PDCCH monitoring in a certain period after it detects a PDCCH. As shown in Figure.1, even after UE have detected PDCCH#3, it can also continue monitor PDCCH in Slot#n+3 and Slot#n+4. Since the PDCCH monitoring skipping may have impact on the flexibility of aggregating multiple scheduled TBs and the achievement of latency requirement, it is not always necessary to assume PDCCH monitoring skipping during cross-slot scheduling operation.
Proposal 1: During the period of cross-slot scheduling i.e. PDCCH to the assigned PDSCH, whether to skip PDCCH monitoring or not in this period should be allowed to control separately from PDSCH assignment possibility. 

[image: ]                                                          Figure.1 An example of cross-slot scheduling and PDCCH monitoring
 
Therefore, from the above analysis, the minimum K0 value between PDCCH and PDSCH can only serve to relax the PDSCH buffering. If PDCCH monitoring skipping is also intended, separate indication is needed. Otherwise, if UE is configured with CORESET/search space fall in the gap between scheduling PDCCH and scheduled PDSCH, the UE should also be required to monitor the PDCCH in between. 
As mentioned in our companion contribution [3], the cross-slot scheduling related indication can be carried in Power Saving Signal/Channel (PoSS). Thus we think it is beneficial to add an indication of whether to skip PDCCH in the gap.
Proposal 2: The PoSS could be considered to indicate whether to skip PDCCH monitoring during gap of cross-slot scheduling.

Cross-slot scheduling adaptation
In principle, the Rel.15 UE specifically configured TDRA naturally support cross-slot scheduling. However, for faster traffic adaptation, the below options are now discussed:
· Single BWP operation case
For adaptation of the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP, more detailed indication on changing from the current TDRA table can be considered. In the previous meeting, the follow alternatives 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
Among described alternatives, alt 1 and alt 3 restrict some entries of TDRA table and alt 2 uses alternative TDRA table. From the scheduler flexibility perspective, in alt 2, basically all TDRA entries of up to 16 can be used respectively within cross scheduling situation and non-cross scheduling situation. Such flexibility has the merit especially FR2 of analogue beam forming of TDMA operation. If the number of TDRA entries is extended to 32 or more, the similar gain can be obtained in alt 1 and alt 3. Alt 2 has the merit of the similarity with following BWP-switching case but to restrict the function only for TDRA table. Therefore, our preference is Alt.2.
Proposal 3: For single BWP operation case, it is proposed to take Alt 2: indication of one active table from multiple configured TDRA tables.

· BWP-switching case
Since the configured TDRA table is BWP- specific for Rel-15 cross-slot scheduling, which plays an important role in the discussion of power saving from same/cross/multi-slot scheduling in the study item phase, the time domain processing timeline adaptation can be by BWP switching. By proper configuration with TDRA table with desirable minimum K0/K2 values for each BWP, L1-based BWP switching can provide very dynamic adaptation.
One potential issue may happen during the BWP switching. As shown in Figure 2, during BWP switching, the TDRA table of target BWP is assumed by current specification. If the K0 values in the table are configured with localized values for power saving, it will be not flexible to schedule the initial slot after switching. For example, if the TDRA table of BWP#2 is used, PDCCH#3 needs K0=3 to schedule PDSCH#3 If the K0 minimum value is too small, it is easy for the scheduled PDSCH fall in the transition period. If it is too large, some initial slots after switching is not schedulable. Thus the target TDRA table needs to ensure below several points:
1. The addressable entries by the time domain resource indication in the DCI field of BWP#1 are better not to include any K0 values that fall within transition period. If happens, it should be deemed as an error case.
2. The addressable entries by the time domain resource indication in the DCI field are better capable to schedule the slots initially after the BWP switching.

                                               Figure 2. Scheduling limitation of TDRA table adaptation during BWP switching
For better power saving, more restricted and localized K0 values are beneficial, which are however not friendly for flexible scheduling. Thus there is clearly some tradeoff between power saving and scheduling flexibility. 
During the TDRA table changing for one BWP case, similar issues can also be observed. Thus,

Proposal 4: During TDRA table adaptation, it needs to be studied on how to deal with the scheduling flexibility and error case.

RNTI and search space handling
As described in Appendix, some RNTIs and PDCCH search space handling were not concluded in the last RAN1 meeting. 
For K0 related with C-RNTI and CS-RNTI, the discussion point was whether any common search space associated with CORESET 0 does not apply cross slot scheduling. If any common search space associated with CORESET 0 only use K0=0, PDSCH buffering reduction gain of the power saving is not achievable in almost all slots if UE receives PDCCH in CORESET 0. As there is no PDSCH buffering reduction gain  by the reception of SI/RA/TC/P-RNTI, the merit of applying C-RNTI and CS-RNTI are not obvious. When PDSCH buffering reduction gain is intended to obtain from cross-slot scheduling, control resources other than CORESET 0 can be configured for the UE as the common search space. Therefore, we support that any common search space associated with CORESET 0 does not apply cross slot scheduling.
For K0 related with MCS-C-RNTI, when increased latency caused by cross slot scheduling is problematic for URLLC, cross slot scheduling function itself would not be applied. For relatively relaxed latency operation of URLLC, to adopt cross slot scheduling function with reduced power consumption has the merit. Therefore, our view is MCS-C-RNTI can apply cross slot scheduling. 
For K2 related with PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213, gNB does not know UE ID until UE receives RNTI during RRC_CONNECTED. Therefore, common behaviour among UEs in the cell is required. Cross slot operation is per UE handling. Therefore, cross slot scheduling should not be applied for PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213.
For K2 related with TC-RNTI, it is used before the first RRC dedicated configuration is applied. Therefore, cross slot scheduling function should not be applied. 
For K2 related with C-RNTI and CS-RNTI, the same discussion with K0 is applied. 
For K2 related with MCS-C-RNTI, the same discussion with K0 is applied. 
Based on the discussion, we propose following. 
Proposal 5: Cross slot scheduling function is not applied to following case.
· Regarding to K0 and K2, C-RNTI and CS-RNTI with any common search space associated with CORESET 0
· Regarding to K2, PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213 
· Regarding to K2, TC-RNTI

Conclusions
This contribution provide our considerations on the cross-slot procedures for power saving. The follow conclusions are summarized below:
Observation 1:  Cross-slot scheduling performance gain can be obtained from traffic adaptation by introducing assumption that UE may go to micro-sleep during the gap between data channel and control channel.
Observation 2: By proper implementation of gNB scheduler, the data transmission can be aggregated into smaller number of slots by cross-slot scheduling, which is the other main enabler of saving power consumption. 
Proposal 1: During the period of cross-slot scheduling i.e. PDCCH to the assigned PDSCH, whether to skip PDCCH monitoring or not in this period should be allowed to control separately from PDSCH assignment possibility. 
Proposal 2: The PoSS could be considered to indicate whether to skip PDCCH monitoring during gap of cross-slot scheduling.
Proposal 3: For single BWP operation case, it is proposed to take Alt 2: indication of one active table from multiple configured TDRA tables.
Proposal 4: During TDRA table adaptation, it needs to be studied on how to deal with the scheduling flexibility and error case.
Proposal 5: Cross slot scheduling function is not applied to following case.
· Regarding to K0 and K2, C-RNTI and CS-RNTI with any common search space associated with CORESET 0
· Regarding to K2, PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213 
· Regarding to K2, TC-RNTI
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Appendix
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
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