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Introduction
[bookmark: _Hlk53783455][bookmark: _Hlk53780111]During RAN1 #105-e meeting, RAN1 made following agreements regarding TRS/CSI-RS occasions for idle/inactive-mode UE power saving [1]:
Agreement:
Confirm the following working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling
 
Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability/unavailability information for configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources 
· FFS maximum number of configured RS resources per physical layer availability indication to support.
· FFS whether availability/unavailability information is for all or some of configured RS resources
 
Agreement:
Support applicable values for the following configuration parameters as below.
· powerControlOffsetSS: {-3, 0, 3, 6}dB
· scramblingID: 0 to 1023
· firstOFDMSymbolInTimeDomain: 0 to 9 
· firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4
· [bookmark: OLE_LINK4]startingRB: 0 to 274
· nrofRBs: 24 to 276
  
Agreement:
The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration
· FFS: QCL type, which is predetermined

In this document, we discuss further details (e.g. configuration signaling including QCL information, availability indication) on provision of TRS for idle/inactive UEs. 
[bookmark: _Ref68160372]TRS Configuration Details
Configuration signalling structure
In this section, we provide considerations on how to reduce a signalling overhead for configuration of TRS.
Examples A-C below show possible configuration of TRS with reduced signalling overhead. A TRS resource configuration includes one or multiple TRS resource sets. Each TRS resource set consists of 2 or 4 TRS resources, where a pair of TRS resources is in a slot. All the TRS resources in a TRS resource set have the same powerControlOffsetSS, scramblingID, and periodicity. Slot offsets for all the TRS resources are determined based on the parameter periodicityAndOffset (i.e. The first and second TRS resources occur in an indicated slot, and the third and fourth TRS resources, if configured, have a slot offset same as the indicated slot offset plus 1). Note that in Rel-15/16, TRS is configured such that all non-zero power (NZP)-CSI-RS resources have the same bandwidth and subcarrier location.
Example A:	TRS-ResourceCommon
The IE TRS-ResourceCommon is used to cell-specifically configure one or more TRS resource sets configured with TRS in a cell where the IE is included, which an idle or inactive UE may be configured to use for time and frequency tracking. 
TRS-ResourceCommon information element
-- ASN1START
-- TAG-TRS-RESOURCESETCOMMON-START

TRS-ResourceCommon ::=             SEQUENCE {
    TRS-ResourceSetList      SEQUENCE (SIZE (1..maxNrofTRS-ResourceSetsPerCell)) OF TRS-ResourceSetId

}

-- TAG-TRS-RESOURCESETCommon-STOP
-- ASN1STOP
[bookmark: _Toc60777288][bookmark: _Toc60868069]
Example B: TRS-ResourceSet
The IE TRS-ResourceSet includes a set of TRS resources and set-specific parameters.
TRS-ResourceSet information element
-- ASN1START
-- TAG-TRS-RESOURCESET-START
TRS-ResourceSet ::=          SEQUENCE {
    TRS-ResourceSetId               	TRS-ResourceSetId,

	n-NZP-CSI-RS						INTEGER {2, 4}
    resourceMapping                     TRS-ResourceMapping,
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}                 OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset             
}

-- TAG-TRS-RESOURCESET-STOP
-- ASN1STOP

	TRS-ResourceSet field descriptions

	periodicityAndOffset
Periodicity and slot offset sl1 corresponds to a periodicity of 1 slot, sl2 to a periodicity of two slots, and so on. The corresponding offset is also given in number of slots (see TS 38.214, clause 5.2.2.3.1) for the first TRS resource. The second TRS resource has the same slot offset as the first TRS resource. The third and fourth TRS resources, if configured, have the slot offset same as the indicated slot offset plus 1. 

	powerControlOffsetSS
Power offset of non-zero power TRS RE to SSS RE. Value in dB (see TS 38.214, clause 5.2.2.3.1).

	resourceMapping
OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the TRS resource.

	scramblingID
Scrambling ID (see TS 38.214, clause 5.2.2.3.1).



[bookmark: _Toc46439600][bookmark: _Toc46444437][bookmark: _Toc46487198][bookmark: _Toc52837076][bookmark: _Toc52838084][bookmark: _Toc53006724]Example C:	TRS-ResourceMapping
The IE TRS-ResourceMapping is used to configure the resource element mapping for at least one TRS resource in time- and frequency domain.
TRS-ResourceMapping information element
-- ASN1START
-- TAG-TRS-RESOURCEMAPPING-START

TRS-ResourceMapping ::=          SEQUENCE {
    frequencyDomainAllocation           BIT STRING (SIZE (4)),
    firstOFDMSymbolInTimeDomain         INTEGER (0..9),
    freqBand                            CSI-FrequencyOccupation,
    ...
}

-- TAG-TRS-RESOURCEMAPPING-STOP
-- ASN1STOP

	TRS-ResourceMapping field descriptions

	firstOFDMSymbolInTimeDomain
Time domain allocation within a physical resource block. The field indicates the first OFDM symbol in the PRB used for TRS. See TS 38.211, clause 7.4.1.5.3. Value 2 is supported only when dmrs-TypeA-Position equals pos3.

	freqBand
Wideband or partial band TRS, (see TS 38.214, clause 5.2.2.3.1).

	frequencyDomainAllocation



Frequency domain allocation within a physical resource block in accordance with TS 38.211, clause 7.4.1.5.3. Bitmap for row 1 of table 7.4.1.5.3-1, i.e. the value of  of row 1 in Table 7.4.1.5.3-1 is given by the bitmap , , where  is the bit number of the  bit in the bitmap set to one. 



[bookmark: OLE_LINK2][bookmark: OLE_LINK3]For further reduction of signalling overhead, gNB can configure a TRS by updating a TRS configuration with full information using a subset of TRS configuration parameters. The TRS configuration with full information can be some TRS configured by SIB with other TRS or some default TRS predefined. TRS can be configured with only a subset of TRS configuration parameters and can take one of the TRS configuration with full information as a reference. The configuration of the TRS is determined by the subset of parameters and the parameters of the reference TRS configuration. Configuration parameters not included in the subset of parameters can be determined by the same parameters in the reference TRS configuration. Alternatively, the parameters in the reference TRS configuration can be updated by the subset of parameters to configure a TRS.

Figure 1. Updating a TRS configuration by using a subset of parameters
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Proposal 1: Support following methods to reduce the TRS configuration signalling overhead:
· Update a subset of parameters of TRS configuration
· Based on configuration parameters of one NZP-CSI-RS resource of an NZP-CSI-RS resource set, a UE derives configuration parameters of remaining NZP-CSI-RS resources of the NZP-CSI-RS resource set
Quasi-co-location (QCL) indication for TRS occasion
Considering that all 2 or 4 TRS resources in a TRS resource set have the same single antenna port, QCL information can be indicated per TRS resource set. As shown in Example B in Subsection 2.1, each TRS resource set includes a TRS resource set identity (ID), where the TRS resource set ID can be used as QCL indication. That is, a TRS resource set ID explicitly indicates an SSB index as a QCL source of the TRS resource set.  
Proposal 2: QCL information for TRS configured for idle/inactive UEs is indicated per TRS resource set.
Proposal 3: A TRS resource set ID explicitly indicates an SSB index as a QCL source of the TRS resource set.
[bookmark: _Ref54208189][bookmark: OLE_LINK1][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Availability indication of TRS
A DCI format carrying paging early indication (PEI) can also include TRS availability information. UE can determine whether to and when to wake-up to monitor paging DCI based on PEI and the TRS availability information. For example, a bitfield for indicating availability of TRS on configured TRS occasions within a particular DRX cycle can be configured in a DCI format including PEI for the particular DRX cycle. A bitwidth of the bitfield may be determined based on the number of configured TRS resource sets in a cell, where each TRS resource set is mapped to one SSB index. The first/leftmost bit of the bitfield corresponds to TRS occasion/resource set index 0, the second bit corresponds to TRS resource set index 1, and so on. Value 0 in the bitmap indicates that the corresponding TRS resource set is not available while value 1 indicates that the corresponding TRS resource set is available. If UE does not detect a DCI format including TRS availability information, the UE assumes that TRS is not present on corresponding TRS occasions. 
Alternatively, a DCI format carrying paging DCI of a current DRX cycle can include TRS availability information for a following DRX cycle. There are 6 bits reserved in paging DCI, 5 bits reserved in Short message, and additional reserved bits larger than 10 bits when the short message indicator is set to ’10’ (i.e. only short message is present in the DCI), as shown in Table 1 and Table 2. These reserved bits can be used to indicate availability of TRS. This will neither increase the overhead of network nor introduce new signal/channel. In case there is no paging DCI that can be used for the indication, we can define default behavior such that “UE assumes CSI-RS/TRS is unavailable if UE doesn’t receive explicit indication (paging DCI)”. As another option, SIB can configure multiple TRS configurations, and then use paging DCI to activate or to inform the availability of a certain configured TRS.
	Field (Item)
	Bits

	Short Message Indicator
	2

	Short Messages
	8

	Frequency domain resource assignment
	Variable

	Time domain resource assignment
	4

	VRB-to-PRB mapping
	1

	Modulation and coding scheme
	5

	TB Scaling
	2

	Reserved
	6


Table 1. DCI format 1_0 with CRC scrambled by P-RNTI in Rel-16

	Bit
	Short Message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3
	stopPagingMonitoring
If set to 1: stop monitoring PDCCH occasions(s) for paging in this PO.

	4-8
	Not used in this release of the specification, and shall be ignored by UE if received.


Table 2. Short Message indicator in NR Rel-16

Proposal 4: For L1 based signalling for the availability indication of TRS/CSI-RS at the configured occasion(s),
· A bitfield for indicating availability of TRS on configured TRS occasions within a DRX cycle can be configured in a DCI format including PEI for the DRX cycle.
· Paging DCI of a current DRX cycle can include TRS availability information for a following DRX cycle. 
In addition to L1 signal/channel based availability indication, gNB can configure a validity time interval for a TRS configuration. The TRS configuration may be unavailable after the validity time interval expires. 
Proposal 5: gNB can configure a validity time interval for a TRS configuration. Upon expiry of the validity time, UE assumes that previous TRS configuration is unavailable.
Signaling overhead related to informing the availability can be reduced, if gNB can switch between one mode transmitting TRS on all of the configured TRS occasions and another mode dynamically transmitting or not transmitting on the configured TRS occasions, based on the number of UEs camping in a cell and/or an average paging rate in a Tracking Area or a RAN paging area. If the former mode is configured, UE may assume that TRS is transmitted on configured TRS occasions over one or multiple DRX/paging cycles. If the latter is configured, UE shall further check availability of TRS on configured TRS occasions. gNB may configure the former, if a large number of UEs camp on the cell and accordingly, need to transmit TRS on most of the configured TRS occasions. 
Proposal 6: Support a TRS transmission mode that UE may assume that TRS are present on all configured TRS occasions, in order to reduce DCI signalling overhead.  
Conclusion
In summary, we have the following proposals for TRS occasion(s) for idle/inactive UEs:
Proposal 1: Support following methods to reduce the TRS configuration signalling overhead:
· Update a subset of parameters of TRS configuration
· Based on configuration parameters of one NZP-CSI-RS resource of an NZP-CSI-RS resource set, a UE derives configuration parameters of remaining NZP-CSI-RS resources of the NZP-CSI-RS resource set
Proposal 2: QCL information for TRS configured for idle/inactive UEs is indicated per TRS resource set.
Proposal 3: A TRS resource set ID explicitly indicates an SSB index as a QCL source of the TRS resource set.
Proposal 4: For L1 based signalling for the availability indication of TRS/CSI-RS at the configured occasion(s),
· A bitfield for indicating availability of TRS on configured TRS occasions within a DRX cycle can be configured in a DCI format including PEI for the DRX cycle.
· Paging DCI of a current DRX cycle can include TRS availability information for a following DRX cycle. 
Proposal 5: gNB can configure a validity time interval for a TRS configuration. Upon expiry of the validity time, UE assumes that previous TRS configuration is unavailable.
Proposal 6: Support a TRS transmission mode that UE may assume that TRS are present on all configured TRS occasions, in order to reduce DCI signalling overhead.  
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