3GPP TSG RAN WG1 #96bis	R1-1903987
Xi’an, China, 8th – 12th April, 2019

Agenda Item:	7.2.9.2
Source:	Huawei, HiSilicon
Title:	Procedure of cross-slot scheduling for UE power saving 
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]The scope of the work item for UE power saving was approved in RAN#83 meeting as [1]: 
	1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 
a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
· The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.


During RAN1#96 meeting [2], for cross-slot scheduling, the following agreements were made: 
	Agreements:
· Cross-slot scheduling    
· Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing
· UE assistance information can be considered

· The general procedure for the study of the power saving scheme when cross-slot scheduling is used 
·  gNB semi-statically configures TDRA to the UE, subject to UE capability (if any) 
· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0
· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.
· All aperiodic CSI-RS triggering offsets are not smaller than the value x
· UE decodes PDCCH and retrieves the index of schedulable TDRA value
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA value


[bookmark: OLE_LINK54]In this contribution, the Rel-15 supported mechanism of cross-slot scheduling is analyzed first, then procedures for its enhancements are discussed.
[bookmark: _Ref129681832]Discussion
Mechanism of cross-slot scheduling in Rel-15 is analyzed first, then procedures for its enhancements and UE assisted scheduling/processing timeline are discussed in Section 2.2 and Section 2.3, respectively.
Analysis for Rel-15 supported cross-slot scheduling
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 slot offset of aperiodic CSI-RS associated with all the triggering states, is larger than zero before DCI 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 [3]. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In current Rel-15 specification, both K0 and K2 are configured by RRC within the TDRA list of PDSCH and PUSCH respectively. Besides, the slot offsets of aperiodic CSI-RS (both the CSI-RS for channel measurement and that for interference measurement) associated with all the triggering states are RRC-configured. Take K0 as an example, the already supported way to ensure cross-slot scheduling before DCI decoded is to configure all K0 not smaller than a threshold x, where x>0. Similarly, for K2 and the slot offset of aperiodic CSI-RS, the corresponding lower bound larger than zero can also be achieved by RRC configuration. However, there are two exceptions in which the UE can’t assume that the pre-known lower bound larger than zero is satisfied.
Case 1
If all the associated trigger states do not contain ‘QCL_TypeD’ information, the slot offset of CSI-RS is fixed to be zero. For this case, for the PDCCH monitoring occasions where aperiodic CSI can be triggered (i.e. occasions of the search space associated with DCI format 0_1), UE can’t save power by pre-knowing that it is cross-slot scheduling.
Case 2
Default TDRA table for PDSCH is another issue for current Rel-15 on cross-slot scheduling. For DCI with CRC scrambled by SI-RNTI and monitored in Type0 common search space, default TDRA table is always used no matter whether pdsch-TimeDomainAllocationList is included in pdsch-ConfigCommon or not. Since K0=0 is included for all the default TDRA tables, for the monitoring occasions of Type0 common search space, UE can’t pre-know it is cross-slot scheduling or not, and the power saving benefit of cross-slot scheduling can’t be achieved. For DCI with CRC scrambled by SI/RA/TC/P-RNTI, monitored in Type 0A/1/2 common search space, PDSCH time domain resource also refer to default TDRA table if pdsch-TimeDomainAllocationList is not included in pdsch-ConfigCommon, where UE can’t pre-know whether it is  cross-slot scheduling or not, either.
Observation 1: Rel-15 supports power saving of pre-known cross-slot scheduling by semi-static configuration, except for the following cases: 
· PDCCH monitoring occasions associated with DCI format 0_1, if all the associated trigger states do not contain ‘QCL_TypeD’ information.
· PDCCH monitoring occasions associated with default TDRA tables for PDSCH scheduling.
In order to have a general cross-slot scheduling design that applies to all cases, included the two cases above, a lower bound of slot offset for both PDSCH (i.e. K0) and aperiodic CSI-RS should be supported, which should also apply for the above two cases. 
Proposal 1: Rel-16 supports a lower bound for both K0 and the slot offset of aperiodic CSI-RS.
[bookmark: OLE_LINK4]Procedure of cross-slot scheduling
[bookmark: OLE_LINK12]The drawback of cross-slot scheduling is the transmission latency, which causes a UPT loss in return. To mitigate its impact on latency/UPT, fast switching to same-slot scheduling should be supported when the needs of data transmission occur. However, if K0min or K2min is configured to be larger than zero for the purpose of power saving, immediate same slot scheduling is not possible. 
One important aspect of this UE power saving work item [1] is that, the power saving technique should address latency and performance in NR as well as network impact. To mitigate the latency/UPT loss of cross-slot scheduling, Rel-16 should support fast switching of cross-slot and same-slot scheduling, and DCI based switching mechanism could be considered. 
A general description of the procedure of cross-slot and same-slot scheduling follows. Before the procedure description, without loss of generality, the lower bound of K0 and aperiodic CSI-RS slot offset is denoted as x, and the lower bound of K2 is denoted as y.
	· gNB semi-statically configures one or several values of x and/or y to the UE.
· gNB semi-statically configures TDRA list of PDSCH/PUSCH, as well as aperiodic CSI triggering states to the UE. To support potential needs for fast switching to same-slot scheduling, entries with K0=0, K2=0 or the slot offset of aperiodic CSI-RS equalling to 0 are not precluded. Take K0 as an example, two options can be considered: 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK2]Single TDRA list of PDSCH (same as in Rel-15). However, the number of “legal” TDRA entries would decrease if x>0 is indicated. Furthermore, the larger x is, the smaller the range of schedulable TDRA shrinks, which would have negative impact on the scheduling flexibility in return.
· [bookmark: OLE_LINK5]Multiple TDRA lists of PDSCH, each of which is associated with different x. One disadvantage of this is the increased RRC signaling overhead. In order to mitigate this overhead, different TDRA lists can share the same parameters like SLIV or mapping type, with only K0 differentiated for each list.
· gNB dynamically indicates the value of x and/or y to the UE. The value of x and y applies until a new DCI indicates x or y again, i.e. lower bound x and y works in a semi-persistent way.
· For DL/UL scheduling or aperiodic CSI triggering, UE expects neither an indicated K0 or slot offset of aperiodic CSI-RS to be smaller than x, nor an indicated K2 to be smaller than y.


By applying the above procedures, not only can the UE obtain the power saving benefit of cross-slot scheduling when x>0 or y>0 is indicated, but can also fast switch back to same-slot scheduling with a higher UPT after x=0 or y=0 is indicated. As for the other switch direction, i.e. from same-slot to cross-slot scheduling, it is also beneficial with DCI based dynamic indication for: (1) Fast switch back into cross-slot based PDCCH monitoring, which saves more power than slow switch; (2) Signaling overhead reduction w.r.t. RRC reconfiguration.
Proposal 2: To support fast switching between cross-slot scheduling and same-slot scheduling, Rel-16 supports DCI based indication of the following two lower bounds: 
· Lower bound of K0 and aperiodic CSI-RS slot offset.
· Lower bound of K2, which applies semi-persistently for scheduling.
UE assisted scheduling/processing timeline
From the analyses in [3], 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 Subclause 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 alignment 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_LINK9]The mechanism for applying minimum K0/K2 has been described in Subclause 2.2 by dynamic indication of lower bound x or y from gNB to UE. In addition, as for K1, whether to apply the power saving by relaxing PDSCH processing can be decided by UE after the K1 carried in the DL grant DCI is decoded. Thus, unlike K0 or K2, gNB doesn’t need to inform a pre-known lower bound for K1 in advance. The de-facto indication from gNB on whether or not to apply the UE-assisted K1 is dynamically transmitted through each DL grant, and no other specification impact is needed.
From the above analysis, we have the following proposal.
Proposal 3:  The UE reports relaxed processing timeline values of K0/K1/K2 to gNB.
Conclusion
Based on the discussions and analyses, we have the following observation and proposals:
Observation 1: Rel-15 supports power saving of pre-known cross-slot scheduling by semi-static configuration, except for: 
· PDCCH monitoring occasions associated with DCI format 0_1, if all the associated trigger states do not contain ‘QCL_TypeD’ information.
· PDCCH monitoring occasions associated with default TDRA tables for PDSCH scheduling.
Proposal 1: Rel-16 supports a lower bound for both K0 and the slot offset of aperiodic CSI-RS.
Proposal 2: To support fast switching between cross-slot scheduling and same-slot scheduling, Rel-16 supports DCI based indication of the following two lower bounds: 
· Lower bound of K0 and aperiodic CSI-RS slot offset.
· Lower bound of K2, which applies semi-persistently for scheduling.
Proposal 3: The UE reports relaxed processing timeline values of K0/K1/K2 to gNB.
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