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Introduction
In this contribution the DL scheduling slot offset capability, i.e. K0>0 for PDSCH, is discussed further. 
The K0 value defines the number of slots between PDCCH and PDSCH reception (e.g. for paging, system information and random access). 
[bookmark: _Toc242573354]RAN2 history
K0 support was discussed during RAN2#112-e based on contribution in [1] where it was proposed:
Proposal 1: RAN2 to confirm that Rel-15 UE supports K0 = 0 and 1 for Paging and System Information. 
During offline #012 [2] it was proposed: 
Proposal 8:  RAN2 confirms that “the UE supports K0 = 0 for FR1 and K0=0,1 for FR2 for Paging and System Information, even when the UE does not indicate support for dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB”. 
Proposal 9: RAN2 confirms that “It is left to operators’ deployment to make sure there is no IOT problems with legacy UEs that don’t support K0>0 for the FR1 and/or K0>1 for the FR2.”
This was not agreed, but the contribution was noted in the chairman notes. 
Background info
RAN1 feature list in 38.822
During the Rel-15 time frame TR 38.822 was used to capture a snap-shot of the L1-UE feature lists. TR 38.822 is no longer maintained. For Feature 5-1 Basic scheduling/HARQ operation it says that UE shall support K0 = 1 for Paging (for both FR1 and FR2):
11) DL scheduling slot offset K0=1 for type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS
PDSCH monitoring in 38.214
For the PDSCH time domain resource allocation for Paging it says in Table 5.1.2.1.1-1:
	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

	…
	
	
	
	
	

	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


The tables for default A and C include only K0 = 0. The table for default B includes both K0 = 0 and 1. For FR1 only multiplexing pattern 1 is supported (default A). FR2 supports multiplexing pattern 2 (default B). 
PDSCH configuration in 38.331
Up to 16 K0 values between 0-32 can be configured via pdsch-TimeDomainAllocationList in SIB1 for the initial BWP used for Paging, System Information and Random Access in PDSCH-ConfigCommon IE: 
pdsch-TimeDomainAllocationList  PDSCH-TimeDomainResourceAllocationList  OPTIONAL,   -- Need R

PDSCH-TimeDomainResourceAllocationList ::=  SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation

PDSCH-TimeDomainResourceAllocation ::=   SEQUENCE {
    k0                   INTEGER(0..32)                     OPTIONAL,   -- Need S
…
maxNrofDL-Allocations INTEGER ::= 16  -- Maximum number of PDSCH time domain resource allocations
UE capability in 38.306
There are two (IOT) UE capabilities defined in 38.306 for the support of K0 > 0 (requirements 8-30/8-30a in 38.822):
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	dl-SchedulingOffset-PDSCH-TypeA
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A.
	UE
	Yes
	Yes
	Yes

	dl-SchedulingOffset-PDSCH-TypeB
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type B.
	UE
	Yes
	Yes
	Yes


UE capability signalling in 38.331
The UE capabilities above are signalling the PHY capabilities:
Phy-ParametersXDD-Diff ::=          SEQUENCE {
…
    dl-SchedulingOffset-PDSCH-TypeA     ENUMERATED {supported}                      OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeB     ENUMERATED {supported}                      OPTIONAL,
The network assumes that the UE does not support the feature, unless it is explicitly signalled, i.e. set to “support”. The capabilities are not included in the UERadioPagingInformation IE, i.e. are not signalled in the Paging message from CN to RAN.
Discussion
From the UE capabilities defined in 38.306 (i.e. dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB) it is clear that the UE is required to support K0>0, but the UE may not have IOT-tested the feature and in such case it may set the support to false. These mandatory capabilities are sometimes referred to as “IOT capabilities”. In section 4.2.1 in 38.306 it is specified:
For mandatory features with the UE radio access capability parameter, the parameter indicates whether the feature has been successfully tested.
Observation 1: The UE is required to support K0>0, but it may not have IOT-tested the feature, in which case the UE may set the support to false. 
In case the UE sets dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB to false, the operator is required to check/test that there is no problem with this feature when it is deployed. This basically hinders the deployment of the feature, because it is complicated to test that there is no IOT problem with paging for all legacy UEs. Practically the operator can only use the feature when the UEs indicate in dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB that they have tested the feature. Thus at minimum the IOT capabilities need to be added to the radio paging capabilities, such that the gNB knows when the UE that is paged has IOT tested the feature: 
Proposal 1: dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB capability are added to the UERadioPagingInformation in REL-15.
In the Appendix a TP for 38.331 is provided for information. 
In pdsch-TimeDomainAllocationList in SIB1 the network can configure the possible K0 values it may use for PDSCH transmissinos (aka as TDRA table to be used, see 38.214). The actual K0 value used for each individual PDSCH transmission is indicated in the preceding PDCCH transmission:  
Proposal 2: RAN2 to confirm that a UE that does not support dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB capability does support pdsch-TimeDomainAllocationList configuration including K0 values larger than 0.
In case RAN2 cannot confirm proposal 2, then a new/second pdsch-TimeDomainAllocationList is needed to enable configuration of K0>0 to avoid impact legacy UEs. However it is assumed that this is not needed.
To avoid impact on legacy UEs, i.e. UEs not supporting dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB, the UE network can use K0=0 when both legacy and new UEs need to be paged in the same Paging Occasion: 
[bookmark: _Toc242573360]Observation 2: To avoid potential IOT problems the network can use K0=0 in a paging occasion where both UEs supporting K0>0 and UEs not supporting K0>0 are paged.
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss K0 support for Paging and SI: 
Observation 1: The UE is required to support K0>0, but it may not have IOT-tested the feature, in which case the UE may set the support to false. 
Observation 2: To avoid potential IOT problems the network can use K0=0 in a paging occasion where both UEs supporting K0>0 and UEs not supporting K0>0 are paged.
Proposal 1: dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB capability are added to the UERadioPagingInformation in REL-15.
Proposal 2: RAN2 to confirm that a UE that does not support dl-SchedulingOffset-PDSCH-TypeA or dl-SchedulingOffset-PDSCH-TypeB capability does support pdsch-TimeDomainAllocationList configuration including K0 values larger than 0.
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Appendix: TP 38.331
[bookmark: _Toc60777639][bookmark: _Toc60868420]–	UERadioPagingInformation
This message is used to transfer radio paging information, covering both upload to and download from the 5GC, and between gNBs.
Direction: gNB to/ from 5GC and gNB to/from gNB
UERadioPagingInformation message
-- ASN1START
-- TAG-UE-RADIO-PAGING-INFORMATION-START

UERadioPagingInformation ::= SEQUENCE {
    criticalExtensions                  CHOICE {
        c1                                  CHOICE{
            ueRadioPagingInformation            UERadioPagingInformation-IEs,
            spare7 NULL,
            spare6 NULL, spare5 NULL, spare4 NULL,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

UERadioPagingInformation-IEs ::=    SEQUENCE {
    supportedBandListNRForPaging        SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR    OPTIONAL,
    nonCriticalExtension                UERadioPagingInformation-vxyz-IEsSEQUENCE {}                                             OPTIONAL
}

UERadioPagingInformation-vxyz-IEs ::= SEQUENCE {
    dl-SchedulingOffset-PDSCH-TypeA     ENUMERATED {supported}                      OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeB     ENUMERATED {supported}                      OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                                 OPTIONAL
}


-- TAG-UE-RADIO-PAGING-INFORMATION-STOP
-- ASN1STOP

	UERadioPagingInformation field descriptions

	supportedBandListNRForPaging
Indicates the UE supported NR frequency bands which are derived by the gNB from UE-NR-Capability.



