Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #96bis	Tdoc R1-1905467
Xi'an, China, April 8 – April 12, 2019
Agenda Item:	7.2.9.2
Source:	Ericsson
Title:	Procedure for cross-slot scheduling technique
Document for:	Discussion and Decision
1	Introduction
In RAN#83, a new WI on UE power savings for NR was agreed with the objectives  as highlighted below for cross-slot scheduling power saving techniques. 
1. Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 
0. Specify the power saving techniques with power saving signal/channel 
0. Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
0. Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
0. Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope
0. Specify the procedure of cross-slot scheduling power saving techniques  
1. Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

In this paper, we discuss aspects related to cross-slot scheduling power savings techniques.
[bookmark: _Toc534885386][bookmark: _Toc534887576][bookmark: _Toc534887950][bookmark: _Toc534891179][bookmark: _Toc534891955][bookmark: _Toc534885393][bookmark: _Toc534887583][bookmark: _Toc534887958][bookmark: _Toc534891030][bookmark: _Toc534891190][bookmark: _Toc534891213][bookmark: _Toc534891252][bookmark: _Toc534891270][bookmark: _Toc534891330][bookmark: _Toc534891442][bookmark: _Toc534891703][bookmark: _Toc534891726][bookmark: _Toc534891785][bookmark: _Toc534891965]2	Cross-Slot Scheduling
2.1 Higher layer parameters
In NR, UE can be configured such that it can be scheduled using same-slot scheduling (e.g. minimum k0 =0) or cross-slot scheduling (e.g. k0 >0) with example depicted in Figure 1, where with cross-slot scheduling, UE can have additional opportunity for microsleep. 
[image: ]
Figure 1. Illustration of power consumption with same-slot scheduling vs. cross-slot scheduling.
UE is scheduled with PDSCH and PUSCH using time domain resource allocation (TDRA) patterns configured via higher layers. The TDRA table that a UE uses depends on the search space, RNTI, etc as defined in 38.214. Typically, the TDRA pattern for assignments on USS is based on the PDSCH-TimeDomainResourceAllocation in pdsch-Config for the downlink (similarly for uplink, it is based on PUSCH-TimeDomainResourceAllocation in pusch-Config) as shown in the following two figures. Additionally, for any A-CSI triggered by UL grant, the corresponding offset between the PDCCH end and the start of corresponding A-CSI resource is indicated by the aperiodicTriggeringOffset indicated via higher layers. These are shown in Figures 2,3 and 4 respectively. 
[image: ]
Figure 2. IE setting for PDCCH scheduling PDSCH.
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Figure 3. IE setting for PDCCH scheduling PUSCH.

[image: ]
Figure 4. IE setting for aperiodic Triggering Offset.

[bookmark: _Hlk5113781]The  TDRA tables and associated behavior with respect to the RNTIs is captured in TS 38.214 (reproduced in Annex A for DL, for convenience). When the default TDRA tables are used, it may not be possible to use cross-slot scheduling, but this occurs for the RMSI mainly;  for other common messages, NW can configure TDRA table in PDSCH-ConfigComon, where it can use cross-slot scheduling. Typically, a connected mode UE will only acquire SI through PDSCH after receiving an SI change indication through paging PDCCH (TS 38.331, subclause 5.2). Moreover, in connected mode, a UE is not required to decode paging PDSCH and the UE monitors for RAR response only during RACH procedures. Thus, for these common messages, power savings gains through cross-slot scheduling (although NW could still enable) may not be significant. Therefore,  we focus our discussions more on the UE-specific configurations of TDRA.
[bookmark: _Toc535261503]Rel-15 already allows configuring cross-slot scheduling considering PDSCH scheduling via explicit configuration of PDSCH-TimeDomainResourceAllocationList IE in a UE specific manner using PDSCH-Config and using only values of k0 greater than 0 in the corresponding entries in the TDRA. 
Similarly, Rel-15 already allows configuring cross-slot scheduling considering PUSCH scheduling via explicitly configuration of PUSCH-TimeDomainResourceAllocationList IE in a UE specific manner using PUSCH-Config and using only values of k2 greater than 0 in the corresponding entries in the TDRA. Moreover, NW can also use the default TDRA tables which also have minimum k2 >0. 

1. [bookmark: _Hlk5114437][bookmark: _Toc5133496]In Rel-15, NW has the option of configuring minimum k0 >0 using k0 parameter in PDSCH-TimeDomainResourceAllocation in pdsch-Config.
1. [bookmark: _Toc5133497]In Rel-15, NW has the option of configuring minimum k2 >0 using k2 parameter in PUSCH-TimeDomainResourceAllocation in pusch-Config.

However, to take full advantage of the sleep opportunity-based power savings offered by cross-slot scheduling, it should be possible to ensure that a scheduling PDCCH in a slot does not schedule any A-CSI resource within the same slot, i.e. it should be feasible to allow a triggering offset for A-CSI that is non-zero. Currently, the 38.214 has the following sentence in subclause 5.2.1.5.1, indicating that the aperiodic triggering offset is fixed to 0 unless some conditions are not met: 
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, the CSI-RS triggering offset  is fixed to zero.
1. [bookmark: _Hlk5130040][bookmark: _Toc5133498]In Rel-15, the AperiodicCSITriggeringOffset is fixed to 0  in some cases e.g.  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.
2.2 Using Cross-slot scheduling
To enable cross-slot power savings, in addition to PDSCH and PUSCH scheduling with minimum k0,k2 values, the UE needs to be also informed that the minimum aperiodicTriggeringOffset in NZP-CSI-RS-ResourceSet is greater than 0, which can be done by allowing such configuration in Rel-16. 
1. [bookmark: _Toc5133596]In Rel-16, allow aperiodicTriggeringOffset to be greater than 0 for all QCL types. 
1. [bookmark: _Toc5133597]For cross-slot scheduling, allowed configurations of TDRA for USS based DL/UL scheduling should have a minimum k0 >0 and minimum k2 >0.

System-level evaluation results for cross-slot scheduling were evaluated in the SI, including [3] and other results captured in the TR 38.840. The results indicate that always using cross-slot scheduling negatively impacts scheduling delay and throughput, especially for minimum k0>1. In fact, k0>1 can, in some cases,  lead to additional power consumption and further degradation in throughput.  
1. [bookmark: _Toc5133499]Always using cross-slot scheduling negatively impacts scheduling delay and throughput, especially for minimum k0>1.
Therefore, mechanisms for faster adaptation between cross-slot scheduling and regular scheduling are needed to address throughput/performance impact. A simple way to enable faster adaptation is to configure two TDRA tables e.g. for PDSCH, one table (Table 1) with a minimum k0 greater than X and another table (Table 2) with no restriction on minimum k0 value (e.g. can be 0). Then, the power savings can be achieved by indicating the UE to use Table 1 for power savings using cross-slot scheduling techniques and switch to use Table 2 for regular scheduling. The switching can be triggered via explicit L1 or MAC based signaling and can be done accordingly at the onset/end of traffic burst. An example is shown in below Figure. The same principle can be applied for PUSCH as well.
[image: ]
Figure 5. Illustration of switching between cross-slot and same slot scheduling. 

1. [bookmark: _Toc5133598]For switching between cross-slot scheduling and regular scheduling (i.e. without cross-slot restriction), allow configuration of two TDRA tables in pdsch-Config 
2. [bookmark: _Toc5133599]first pdsch-TimeDomainAllocationList provided in pdsch-Config with no restriction on minimum k0
2. [bookmark: _Toc5133600]second pdsch-TimeDomainAllocationList provided in pdsch-Config with a minimum k0 >X
1. [bookmark: _Toc5133601]When two TDRA tables are configured for the UE i.e. Table 1 with minimum k0> X and Table 2 with minimum k0 = 0. Triggering between Table 1 or Table 2 is based on L1 (e.g. PDSCH reception) or MAC CE signaling. 

Another option is to create a TDRA table with larger number of entries (some targeting regular scheduling and some targeting cross-slot scheduling) and enable and disable some of the time domain resource allocation values based on the triggering. Moving the UE from regular scheduling to the cross-slot can be done through timer-based mechanism such as after several slots since UE received scheduling PDCCH with DCI formats 1-0/1-1.

2.3 Applicable offset values
Along with higher layer signaling parameter setting and fast switching to enable cross-slot or regular scheduling, another important factor to consider is the allowed minimum value of k0 (and k2, aperiodicTriggeringOffset). As shown in evaluations during the SI, most power savings gain with cross-slot scheduling are achieved with the smallest minimum offset value i.e. k0 = 1. Furthermore, if NW configures the UE to monitor PDCCH in every slot, minimum offset value of k0 = 1 is a very suitable and applicable offset value.
Additionally, there is some parallels between k0 and aperiodic  triggering offset as both corresponding to minimum separation between end of PDCCH and start of a DL reception. Thus, the minimum k0 value can also be applicable for the triggering offset. Regarding, the specific value of minimum k0, there are four potential alternatives : 
· Alt 1 : Minimum k0  = 1 which is enough for power savings as per the model used in the SI.
· Alt 2 : One minimum k0 value per SCS required for power savings is specified.
· Alt 3 : A limited number of minimum k0 value(s) per SCS required for power savings are specified e.g. two per SCS and indicated via UE capability. 
· Alt 4: No restriction i.e. UE can indicate any value via UE capability signaling. 
Our preference is Alt 1, though we can consider Alt 2 e.g. in case there are other considerations e.g. for higher SCS, in which case sending a LS to RAN4 to determine the k0 values for power savings would be a good approach.  
1. [bookmark: _Toc5133602]For cross-slot scheduling power savings, RAN1 should agree on 
4. [bookmark: _Toc5133603]applicable minimum value k0 for downlink (also applicable for aperiodic CSI triggering offset)
4. [bookmark: _Toc5133604]applicable minimum value k2 for uplink

Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	In Rel-15, NW has the option of configuring minimum k0 >0 using k0 parameter in PDSCH-TimeDomainResourceAllocation in pdsch-Config.
Observation 2	In Rel-15, NW has the option of configuring minimum k2 >0 using k2 parameter in PUSCH-TimeDomainResourceAllocation in pusch-Config.
Observation 3	In Rel-15, the AperiodicCSITriggeringOffset is fixed to 0  in some cases e.g.  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.
Observation 4	Always using cross-slot scheduling negatively impacts scheduling delay and throughput, especially for minimum k0>1.

Proposal 1	In Rel-16, allow aperiodicTriggeringOffset to be greater than 0 for all QCL types.
Proposal 2	For cross-slot scheduling, allowed configurations of TDRA for USS based DL/UL scheduling should have a minimum k0 >0 and minimum k2 >0.
Proposal 3	For switching between cross-slot scheduling and regular scheduling (i.e. without cross-slot restriction), allow configuration of two TDRA tables in pdsch-Config
a.	first pdsch-TimeDomainAllocationList provided in pdsch-Config with no restriction on minimum k0
b.	second pdsch-TimeDomainAllocationList provided in pdsch-Config with a minimum k0 >X
Proposal 4	When two TDRA tables are configured for the UE i.e. Table 1 with minimum k0> X and Table 2 with minimum k0 = 0. Triggering between Table 1 or Table 2 is based on L1 (e.g. PDSCH reception) or MAC CE signaling.
Proposal 5	For cross-slot scheduling power savings, RAN1 should agree on
a.	applicable minimum value k0 for downlink (also applicable for aperiodic CSI triggering offset)
b.	applicable minimum value k2 for uplink
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Annex A (TDRA table for downlink from 38.214)

Table 5.1.2.1.1-1: 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-RNTIMCS-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
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NZP - CSI - RS - ResourceSet   information element   --   ASN1START   --   TAG - NZP - CSI - RS - RESOURCESET - START   NZP - CSI - RS - ResourceSet ::=           SEQUENCE   {        nzp - CSI - ResourceSetId               NZP - CSI - RS - ResourceSetId,        nzp - CSI - RS - Resources                 SEQUENC E   ( SIZE   (1..maxNrofNZP - CSI - RS - ResourcesPerSet))   OF   NZP - CSI - RS - ResourceId,        repetition                           ENUMERATED   { on, off }                                                           OPTIONAL ,    --   Need S        aperiodicTriggeringOffset            INTEGER (0.. 6 )                                                                    OPTIONAL ,    --   Need S        trs - Info                             ENUMERATED   {true}                                                                OPTIONAL ,    --   Need R        ...   }     - -   TAG - NZP - CSI - RS - RESOURCESET - STOP   --   ASN1STOP  
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image2.emf
PDSCH - TimeDomainResourceAllocationList   information element   --   ASN1START   --   TAG - PDSCH - TIMEDOMAINRESOURCEALLOCATIONLIST - START       PDSCH - TimeDomainResourceAllocationList ::=   SEQUENCE   ( SIZE (1..maxNrofDL - Al locations))   OF   PDSCH - TimeDomainResourceAllocation     PDSCH - TimeDomainResourceAllocation ::=    SEQUENCE   {        k0                                       INTEGER (0..32)                                                       OPTIONAL ,    --   Need S        mappingType                               ENUMERATED   {typeA, typeB},        startSymbolAndLength                     INTEGER   (0..127)   }     --   TAG - PDSCH - TIMEDOMAINRESOURCEALLOCATIONLIST - STOP   --   ASN1STOP  
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  PUSCH - TimeDomainResourceAllocationList ::=    SEQUENCE   ( SIZE (1..maxNrofUL - Allocations))   OF   PUSCH - TimeDomainResourceAllocation     PUSCH - TimeDomainResourceAllocation ::=    SEQUENCE   {        k2                                        INTEGER (0..32)           OPTIONAL ,    --   Need S        mappingType                              ENUMERATED   {typeA, typeB},        startSymbolAndLength                     INTEGER   (0..127)   }     --   TAG - PUSCH - TIMEDOMAINRESOURCEALLOCATIONLIST - STOP   --   ASN1STOP  


