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Introduction
RAN1 discussed the TRS in Idle and Inactive [1,2] and indicated two issues [3]:
1. RAN1 confirms that the intended TRS periodicity (and slot offset) is in ms, i.e. not in slots as captured in 38.331.
2. RAN2 to consider a clarification of the frequencyDomainAllocation field description.
The proposed way forward for these two issues is discussed further in this contribution.
[bookmark: _Toc242573354]Background
RAN1 indicated in LS [3]:
RAN1 would like to inform RAN2 of the following RAN1 agreement related to the periodicity of TRS resources for idle/inactive UEs in SIB17.
Agreement:
RAN1 confirms that the intended periodicity in periodicityAndOffset under TRS-ResourceSet-r17 range was 10, 20, 40 or 80ms as agreed RAN1#105-e and sends LS to RAN2 to update, if feasible, the periodicityAndOffset to cover these periodicities for Rel-18
· [bookmark: _Hlk159140426]Also indicate that RAN2 avoid potential NBC impact for Rel-17 UEs
RAN1 also made the following conclusion. 
Conclusion
The interpretation of frequencyDomainAllocation under TRS-ResourceSet-r17 (Idle mode TRS) follows the same behaviour in TS38.211 as row1 in frequencyDomainAllocation under CSI-RS-ResourceMapping (CSI-RS for tracking).
· It is up to RAN2 to decide whether to clarify the field description of frequencyDomainAllocation in TRS-ResourceSet-r17 in specifications”
RAN1 asks RAN2 to take the information above into account. 
Discussion
TRS periodicity
TRS in Idle and Inactive was introduced in Rel-17 to enable power saving in the UE, by providing the configuration for TRS with CSI-RS for tracking in TRS occasions (chapter 11 in 38.300). This may allow the UE to sleep longer before waking-up for its paging occasion. The TRS occasions configuration is provided in SIB17. This is an optional feature without UE capability signalling. 
Based on the RAN1 parameter list RAN2 introduced TRS-ResourceSet-r17 in SIB17 (some parameters are omitted below):
TRS-ResourceSet-r17 ::=                SEQUENCE {
…
    periodicityAndOffset-r17                   CHOICE {
        slots10                                    INTEGER (0..9),
        slots20                                    INTEGER (0..19),
        slots40                                    INTEGER (0..39),
        slots80                                    INTEGER (0..79)
    },
…
}
	[bookmark: _Hlk159140581]periodicityAndOffset
The periodicity and slot offset (slot) for periodic TRS. It is used to determine the location of the first slot of TRS resource set. The periodicity value slots10 corresponds to 10 slots, value slots20 corresponds to 20 slots, and so on.


BC and NBC solution
RAN1 indicated in the LS [3]:
· Also indicate that RAN2 avoid potential NBC impact for Rel-17 UEs
NBC can be considered from different angles, e.g. from an ASN.1 perspective or from a functional (overall) perspective. A simple solution is possible in Rel-17 that is BC from an ASN.1 perspective and NBC from a functional perspective. For example the following change in the field description would solve the problem:
	periodicityAndOffset
The periodicity and slot offset (slotms) for periodic TRS. It is used to determine the location of the first slot of TRS resource set. The periodicity value slots10 corresponds to 10 slotsms, value slots20 corresponds to 20 slotsms, and so on.


RAN2 to discuss whether a solution that is BC from ASN.1 perspective is acceptable: 
[bookmark: _Toc159236679]RAN2 to discuss whether a solution that is BC from ASN.1 perspective only is acceptable.
A solution where the feature is deprecated in Rel-17 can also be considered BC, i.e. does not impact a Rel-17 UE, but a Rel-17 would not be able to use the feature. 
In the following text a BC solution from both ASN.1 and functional perspective, i.e. that does not require any change to a Rel-17 UE, is discussed further. 
RAN1 indicated that the intended TRS periodicity and slot offset is in ms (and not in slots) [3]. This implies that, dependent on the signalled value and SCS, certain values cannot be used and certain values cannot be signalled, which is illustrated further in the table below: 
	TRS periodicity and offset
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	
	
	

	10 slots
	10 ms
	5 ms
	2.5 ms
	1,25 ms
	
	x ms
	: Value cannot be used

	20 slots
	20 ms
	10 ms
	5 ms
	2.5 ms
	
	x ms
	: Value cannot be signalled

	40 slots
	40 ms
	20 ms
	10 ms
	5 ms
	
	
	

	80 slots
	80 ms
	40 ms
	20 ms
	10 ms
	
	
	

	
	
	80 ms
	40 ms
	20 ms
	
	
	

	
	
	
	80 ms
	40 ms
	
	
	

	
	
	
	
	80 ms
	
	
	


Thus certain TRS periodicity and slot values (10, 20, 40 and 80 ms) are not supported in Rel-17, dependent on the SCS:
· SCS = 15 kHz all periodicity and slot values are supported
· SCS = 30, 60, 120 kHz, see table
It is expected that in most practical cases a longer periodicity with lower SCS is used, i.e. the feature is partially broken (if at all). 
It could be left to NW implementation in Rel-17 to only configure TRS periodicities and offsets that are supported. However we propose to clarify this in 38.331 because the UE behavior is unspecified when those values are configured:
[bookmark: _Toc158552948][bookmark: _Toc158610957][bookmark: _Toc159236680]Clarify in the field description of periodicityAndOffset for the TRS in idle and inactive which TRS periodicity and slot values are not used (Rel-17).
Thus the grey values in the table are deprecated in Rel-17. For example this could be clarified like:
	periodicityAndOffset
The periodicity and slot offset (slot) for periodic TRS. It is used to determine the location of the first slot of TRS resource set. The periodicity value slots10 corresponds to 10 slots, value slots20 corresponds to 20 slots, and so on. Only the following values of the periodicity and slot offset are used: 10 slots (15 kHz), 20 slots (15 and 30 kHz) and 40 slots (15, 30 and 60 kHz) and 80 slots (15, 30, 60, 120 kHz).


A draft CR for 38.331 (Rel-17) is provided for discussion and agreement [4]. 
To enable the configuration of all possible TRS periodicities and offsets a Rel-18 ASN.1 extension is needed to cover the missing configuration options in Rel-17:
[bookmark: _Toc158610958][bookmark: _Toc159236681]Introduce an ASN.1 extension to signalling the missing TRS periodicity and offset values for the TRS periodicity in idle and inactive (Rel-18).
Thus the yellow values in the table are added as a Rel-18 extensions. An example of such Rel-18 ASN.1 extension is:
SIB17-r17 ::=               SEQUENCE {
    segmentNumber-r17           INTEGER (0..63),
    segmentType-r17             ENUMERATED {notLastSegment, lastSegment},
    segmentContainer-r17        OCTET STRING
}

SIB17-IEs-r17 ::=           SEQUENCE {
    trs-ResourceSetConfig-r17   SEQUENCE (SIZE (1..maxNrofTRS-ResourceSets-r17)) OF           TRS-ResourceSet-r17,
    validityDuration-r17        ENUMERATED {t1, t2, t4, t8, t16, t32, t64, t128, t256, t512, infinity, spare5, spare4, spare3, spare2, spare1} OPTIONAL,  -- Need S
    lateNonCriticalExtension    OCTET STRING      OPTIONAL,
    ...,
    [[
    trs-ResourceSetConfig-v18xy   SEQUENCE (SIZE (1..maxNrofTRS-ResourceSets-r17)) OF TRS-ResourceSet-r18
    ]]
}

[bookmark: _Hlk158565228]TRS-ResourceSet-r17 ::=                SEQUENCE {
    powerControlOffsetSS-r17               ENUMERATED {db-3, db0, db3, db6},
    scramblingID-Info-r17                  CHOICE {
        scramblingIDforCommon-r17              ScramblingId,
        scramblingIDperResourceListWith2-r17   SEQUENCE (SIZE (2)) OF ScramblingId,
        scramblingIDperResourceListWith4-r17   SEQUENCE (SIZE (4)) OF ScramblingId,
    ...
    },
    firstOFDMSymbolInTimeDomain-r17            INTEGER (0..9),
    startingRB-r17                             INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    nrofRBs-r17                                INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
    ssb-Index-r17                              SSB-Index,
    periodicityAndOffset-r17                   CHOICE {
        slots10                                    INTEGER (0..9),
        slots20                                    INTEGER (0..19),
        slots40                                    INTEGER (0..39),
        slots80                                    INTEGER (0..79)
    },
    frequencyDomainAllocation-r17              BIT STRING (SIZE (4)),
    indBitID-r17                               INTEGER (0..5),
    nrofResources-r17                          ENUMERATED {n2, n4}
}

TRS-ResourceSet-r18 ::=                SEQUENCE {
    powerControlOffsetSS-r18               ENUMERATED {db-3, db0, db3, db6},
    scramblingID-Info-r18                  CHOICE {
        scramblingIDforCommon-r18              ScramblingId,
        scramblingIDperResourceListWith2-r18   SEQUENCE (SIZE (2)) OF ScramblingId,
        scramblingIDperResourceListWith4-r18   SEQUENCE (SIZE (4)) OF ScramblingId,
    ...
    },
    firstOFDMSymbolInTimeDomain-r18            INTEGER (0..9),
    startingRB-r18                             INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    nrofRBs-r18                                INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
    ssb-Index-r18                              SSB-Index,
    periodicityAndOffset-r18                   CHOICE {
        ms10                                       INTEGER (0..9),
        ms20                                       INTEGER (0..19),
        ms40                                       INTEGER (0..39),
        ms80                                       INTEGER (0..79)
    },
    frequencyDomainAllocation-r18              BIT STRING (SIZE (4)),
    indBitID-r18                               INTEGER (0..5),
    nrofResources-r18                          ENUMERATED {n2, n4}
}
	[bookmark: _Hlk158565355]periodicityAndOffset
The periodicity and slot offset (slot in TRS-ResourceSet-r17 and ms in TRS-ResourceSet-r18) for periodic TRS. It is used to determine the location of the first slot of TRS resource set. The periodicity value slots10 corresponds to 10 slots, value slots20 corresponds to 20 slots, and so on in TRS-ResourceSet-r17. The periodicity value ms10 corresponds to 10 ms, value ms20 corresponds to 20 ms, and so on in TRS-ResourceSet-r18. Only the following values of the periodicity and slot offset are used in TRS-ResourceSet-r17: 10 slots (15 kHz), 20 slots (15 and 30 kHz) and 40 slots (15, 30 and 60 kHz) and 80 slots (15, 30, 60, 120 kHz). Only the following values of the periodicity and slot offset are used in TRS-ResourceSet-r18: 20 ms (120 kHz), 40 ms (60 and 120 kHz) and 80 ms (30, 60 and 120 kHz).


The Rel-18 extension is used to signal the TRS configurations with TRS periodicities that cannot be signalled in Rel-17. 
A draft CR for 38.331 (Rel-18) is provided for discussion and agreement [5]. Implementation of this CR in Rel-17 does not cause interoperability issues.
The trs-ResourceSetConfig-r17 IE is mandatory present in SIB17, assuming that no errors would be found. But the solution described above has a limitation, i.e. it does not allow to signal TRS configuration(s) using the Rel-18 structure only, for example 80 ms periodicity with 30 kHz. Because in that case the Rel-17 structure needs to be included with a configuration that is not supported. A Rel-17 UE could be configured with a 40 ms periodicity, and detect the TRS every second time, but that would not benefit the UE power saving:
[bookmark: _Toc159236676]To signal only TRS configuration(s) that are not supported in Rel-17 may require the introduction of a new SIB because the Rel-17 structure is MP in SIB17.
The Rel-18 ASN.1 changes required to support the full TRS periodicity/offset value range, and all possible combinations of Rel-17 and Rel-18 TRS configurations is rather high:
[bookmark: _Toc159236677]There is substantial impact in Rel-18 to support all possible configuration options while keeping the Rel-17 impact NBC.
As long as there are no UEs out in the field NBC changes are possible:
[bookmark: _Toc159236678]As long as there are no UEs out in the field NBC changes are possible.
Field description frequencyDomainAllocation
RAN1 indicated that the frequencyDomainAllocation parameter under TRS-ResourceSet-r17 follows the same behavior as row 1 in frequencyDomainAllocation under CSI-RS-ResourceMapping [3] (some parameters are omitted below):
CSI-RS-ResourceMapping ::=          SEQUENCE {
    frequencyDomainAllocation           CHOICE {
        row1                                BIT STRING (SIZE (4)),
        row2                                BIT STRING (SIZE (12)),
        row4                                BIT STRING (SIZE (3)),
        other                               BIT STRING (SIZE (6))
    },
…
}
	frequencyDomainAllocation
Frequency domain allocation within a physical resource block in accordance with TS 38.211 [16], clause 7.4.1.5.3. The applicable row number in table 7.4.1.5.3-1 is determined by the frequencyDomainAllocation for rows 1, 2 and 4, and for other rows by matching the values in the column Ports, Density and CDMtype in table 7.4.1.5.3-1 with the values of nrofPorts, cdm-Type and density below and, when more than one row has the 3 values matching, by selecting the row where the column (k bar, l bar) in table 7.4.1.5.3-1 has indexes for k ranging from 0 to 2*n-1 where n is the number of bits set to 1 in frequencyDomainAllocation.


The field description under CSI-RS-ResourceMapping includes a reference to TS 38.211 where the frequency domain allocation is described and it includes a reference to the table where row 1, 2, etc are described. 
The field description under TRS-ResourceSet-r17 does not include those references: 
	frequencyDomainAllocation
Indicates the offset of the first RE to RE#0 in a RB in row1.


There is no functional change to the frequencyDomainAllocation parameter under TRS-ResourceSet-r17 but the field description is improved when similar references to RAN1 specification are provided as under CSI-RS-ResourceMapping:
[bookmark: _Toc158610959][bookmark: _Toc159236682]Add references to TS 38.211 to the field description of frequencyDomainAllocation under TRS-ResourceSet-r17 similar as under CSI-RS-ResourceMapping (Rel-17).
References to TS 38.211 could be added while keeping the legacy text:
	[bookmark: _Hlk158572506]frequencyDomainAllocation
Indicates the offset of the first RE to RE#0 in a RB in row1 in table 7.4.1.5.3-1 for frequency domain allocation within a physical resource block (TS 38.211 [16], clause 7.4.1.5.3).


A draft CR for 38.331 (Rel-17) is provided for discussion and agreement [4]. 
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the way forward for the issues identified by RAN1 for the TRS in idle and inactive: 
Observation 1	To signal only TRS configuration(s) that are not supported in Rel-17 may require the introduction of a new SIB because the Rel-17 structure is MP in SIB17.
Observation 2	There is substantial impact in Rel-18 to support all possible configurations while keeping the Rel-17 impact NBC.
Observation 3	As long as there are no UEs out in the field NBC changes are possible.

Proposal 1	RAN2 to discuss whether a solution that is BC from ASN.1 perspective only is acceptable.
Proposal 2	Clarify in the field description of periodicityAndOffset for the TRS in idle and inactive which TRS periodicity and slot values are not used (Rel-17).
Proposal 3	Introduce an ASN.1 extension to signalling the missing TRS periodicity and offset values for the TRS periodicity in idle and inactive (Rel-18).
Proposal 4	Add references to TS 38.211 to the field description of frequencyDomainAllocation under TRS-ResourceSet-r17 similar as under CSI-RS-ResourceMapping (Rel-17).
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