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1	Introduction
RAN2 has received an LS from RAN4, R4-2206951’LS on configuring margin for 1 Rx RedCap UEs’ [2]. This paper discusses this issue and proposes RAN2 changes to match the RAN4 recommendation.
2	Discussion
2.1	RAN2 impact from RAN4 LS
RAN4 has agreed that 1 Rx UE will derive RSRP thresholds using legacy RSRP threshold (for 2Rx) plus an offset and this has resulted in an LS to RAN2 [2]:
	RAN4 recommends that RedCap UE determines the above RSRP related thresholds for corresponding procedure as follows:
· UE using 2 Rx branches determines any of the above threshold (H1) based on existing signaling and RSRP range defined in TS 38.133. 
· UE using 1 Rx branch determines any of the above threshold (H2) as follows:
H2 = H1 + offset



That is, since RSRP measurements using 1 Rx branch are considered as less accurate it is stated that an offset is needed. It is our understanding that RAN4 agreement refers to any RSRP threshold and the RSRP-thresholds listed in the LS are just examples. The drawback from having 1 Rx branch would be the same for all RSRP-thresholds, which is further supported by the RAN4 agreement in [3]:
	Offset to apply for 1 Rx UE
Network configures one RSRP/RSRQ threshold for 2 Rx RedCap UE (same as for legacy 2 Rx UE), and 1 Rx RedCap UE applies an offset to that threshold.  The offset is predefined in the specification.  



[bookmark: _Toc101831504]RAN4 recommends that UEs with 1 Rx branch apply an offset to all RSRP-thresholds. 

[bookmark: _Hlk101793244]Further, RAN4 LS refers to RSRP-thresholds used for random access and in RRC connected state, and therefore only TS 38.321 and/or TS 38.331 should be affected. That is, modifications to idle mode procedures and TS 38.304, e.g. to ensure that RedCap coverage compensation[footnoteRef:2] is meaningful and 1 Rx UEs do not observe a smaller cell size, as presented in one of our previous contributions [4], is discussed separately in Section 3.  [2:  TBS-scaling, appropriate scheduling, etc., used for RedCap UEs to ensure there is no coverage degradation.] 

The LS further states that the offset should be fixed, i.e. “Where, offset is fixed value in dB specified in RAN4 specification…”. This however is unnecessarily restrictive in our view. For one thing there seem to be diverging views on the use of the offset, and therefore specifying a constant offset value may prove to be practically difficult. Secondly, the cost of having an IE in SI to provide the offset value is low[footnoteRef:3], yet it provides flexibility for operators when deploying their networks. Last but not the least this would be a future proof solution. Therefore, we propose to specify the RSRP offset configurable.  [3:  A fixed offset may require a note with a reference to RAN4 TS upon every occurrence of an RSRP-threshold in TS 38.321 and TS 38.331, whereas the configurable offset could be captured as simply as the text proposal provided in this contribution.] 


[bookmark: _Toc101831505]A configurable RSRP offset provides flexibility and is future proof.
[bookmark: _Toc101831521]Introduce a configurable parameter in SIB1 that indicates RSRP offset for UEs with 1 Rx branch.
[bookmark: _Toc101831522]Capture the text proposal in this document in the specifications.

2.2	Text proposal for TS 38.331
We propose the following changes to TS 38.331 (marked):
SIB1 message
-- ASN1START
-- TAG-SIB1-START

SIB1 ::=        SEQUENCE {
    cellSelectionInfo                   SEQUENCE {
        q-RxLevMin                          Q-RxLevMin,
        q-RxLevMinOffset                    INTEGER (1..8)                                              OPTIONAL,   -- Need S
        q-RxLevMinSUL                       Q-RxLevMin                                                  OPTIONAL,   -- Need R
        q-QualMin                           Q-QualMin                                                   OPTIONAL,   -- Need S
        q-QualMinOffset                     INTEGER (1..8)                                              OPTIONAL    -- Need S
    }                                                                                                   OPTIONAL,   -- Cond 

<text omitted>

SIB1-v1630-IEs ::=               SEQUENCE {
    uac-BarringInfo-v1630            SEQUENCE {
        uac-AC1-SelectAssistInfo-r16     SEQUENCE (SIZE (2..maxPLMN)) OF UAC-AC1-SelectAssistInfo-r16
    }                                                                                                   OPTIONAL,  -- Need R
    nonCriticalExtension             SIB1-v1700-IEs                                                     OPTIONAL
}

SIB1-v1700-IEs ::=               SEQUENCE {
    hsdn-Cell-r17                        ENUMERATED {true}                                              OPTIONAL,  -- Need R
    ue-TimersAndConstants-RemoteUE-r17   UE-TimersAndConstants-RemoteUE-r17                             OPTIONAL,  -- Need R
    uac-BarringInfo-v1700                SEQUENCE {
        uac-BarringInfoSetList-v1700         UAC-BarringInfoSetList-v1700                               OPTIONAL   -- Cond MINT
    }                                                                                                   OPTIONAL,  -- Need R
    sdt-ConfigCommon-r17                 SDT-ConfigCommonSIB-r17                                        OPTIONAL,  -- Need R
    featurePriorities-r17        SEQUENCE {
        redCapPriority-r17           FeaturePriority-r17                                                OPTIONAL,
        slicingPriority-r17          FeaturePriority-r17                                                OPTIONAL,
        ce-Priority-r17              FeaturePriority-r17                                                OPTIONAL,
        sdt-Priority-r17             FeaturePriority-r17                                                OPTIONAL,
    ...
    }                                                                                                   OPTIONAL,  -- Need R
    si-SchedulingInfo-v1700      SI-SchedulingInfo-v1700                                                OPTIONAL,  -- Need R
    hyperSFN-r17                 BIT STRING (SIZE (10))                                                 OPTIONAL,  -- Need R
    eDRX-Allowed-r17             ENUMERATED {true}                                                       OPTIONAL,  -- Need R
    -- FFS whether eDRX-allowed is one or two bits, i.e. separate for idle/inactive
    halfDuplexRedCapAllowed-r17  ENUMERATED {true}                                                       OPTIONAL,  -- Need R
    -- FFS whether halfDuplexRedCapAllowed is kept, remove also from related procedure
    cellBarredRedCap-r17         SEQUENCE {
[bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK98][bookmark: OLE_LINK99]        cellBarredRedCap1Rx-r17      ENUMERATED {barred, notBarred},
        cellBarredRedCap2Rx-r17      ENUMERATED {barred, notBarred}
    }                                                                                                   OPTIONAL,  -- Need R
    intraFreqReselectionRedCap-r17 ENUMERATED {allowed, notAllowed}                                     OPTIONAL,  -- Need S

    nonCriticalExtension         SIB1-v17xy-IEs                                                     OPTIONALSEQUENCE {}                                                            OPTIONAL
}

SIB1-v17xy-IEs ::=               SEQUENCE {
    offsetRsrp1Rx-r17              ENUMERATED {spare0, spare1, spare2, spare3, spare 4, spare5, spare6, spare7}           OPTIONAL,  -- Need R
    nonCriticalExtension		   SEQUENCE {}															OPTIONAL
}


<text omitted>

-- TAG-SIB1-STOP
-- ASN1STOP

	SIB1 field descriptions

	cellBarredRedCap1Rx
Value barred means that the cell is barred for a RedCap UE with 1 Rx branch, as defined in TS 38.304 [20]. This field is ignored by non-RedCap UEs.

	:

	offsetRsrp1Rx
Offset to be applied to any RSRP threshold for UEs with 1 Rx branch for random access and in RRC connected mode, TS 38.321 [3]. Applied as H1Rx = H0 + offset, where H0 is the RSRP-threshold applied by UEs with more than 1 Rx branch. Actual value offsetRsrp1Rx = field value [dB]. If absent, the UE applies the (default) value of 0 dB for offsetRsrp1Rx.


	:



3	Potential changes to Idle mode procedures
Section 2 deals with how to handle the larger RSRP inaccuracy from UE measurements with 1 Rx branch, but there is also impact from the systematically lower measured RSRP for UEs with 1 Rx branch (due to loss of receiver diversity). Related to this, the RedCap SI in TR 38.875 concluded that coverage compensation is possible for UEs with 1 Rx branch (note that this is even easier within the context of the WI where a 3 dB antenna efficiency loss is not considered). However, the coverage compensation requires that gNB is aware that the UE is of RedCap type and potentially has 1 Rx branch, and therefore applies only to random access (with early indication) and to RRC Connected state (at which point UE capabilities are known). Without any modification to Idle mode procedures and cell selection, UEs with 1 Rx branch will effectively see a smaller cell size and the full benefit of coverage compensation is not reached.
[bookmark: _Toc101831506]Coverage compensation for 1Rx RedCap UEs is not fully beneficial if idle mode procedures are not updated accordingly.
The remaining part of this contribution provides a related discussion in Section 3.1 (revision from one of our previous contributions [4]) and a corresponding text proposal in Section 3.2.

[bookmark: _Ref101518265]3.1	Cell selection criteria for 1 Rx
Measurement requirements in RAN4 are specified for 2 Rx branches. So, in legacy also for UEs with more than 2 Rx, RRM measurement requirements are still defined using 2 Rx branches (which is also less energy consuming for the UE). Using fewer Rx antennas than 2 will lead to not only less energy received (i.e. lower RSRP) but also less accurate measurements (i.e., larger RSRP errors). Therefore, a compensation term is required in cell (re-)selection criteria for UEs with less than 2 Rx antennas or they will effectively experience a small cell size.
For LTE-M and NB-IoT, which provided a 20 dB coverage improvement compared to baseline LTE, cell (re)selection criteria were modified in the following way:
	If cell selection criterion S in normal coverage is not fulfilled for a cell, UE shall consider itself to be in enhanced coverage if the cell selection criterion S for enhanced coverage is fulfilled, where:
	· Qrxlevmin
	· UE applies coverage specific value Qrxlevmin_CE (dBm)

	· Qqualmin
	· UE applies coverage specific value Qqualmin_CE (dB)


 


[bookmark: _Hlk90981338]That is, if an LTE-M or NB-IoT UE capable of coverage enhancements does not fulfil the S criterion for camping in normal coverage, using Qrxlevmin and Qqualmin, it should consider itself to be in enhanced coverage if the S criterion can be fulfilled using Qrxlevmin_CE and Qqualmin_CE. This essentially allows the UE to camp on a cell at lower RSRP/RSRQ compared to regular LTE UEs. (If the S criterion is not fulfilled, the UE considers itself out of coverage).
The solution for RedCap would then be that RedCap UEs with 1 Rx branch apply separate Qrxlevmin_1Rx and Qqualmin_1Rx which would then be configured to compensate the lower received RSRP/RSRQ and ensure the same cell size. In an example this could be specified as follows:
	RedCap UE with 1 Rx branch evaluate the cell selection criterion S using the following parameters:
	· Qrxlevmin
	· UE applies 1 Rx branch specific value Qrxlevmin_1Rx (dBm)

	· Qqualmin
	· UE applies 1 Rx branch specific value Qqualmin_1Rx (dB)


 


For example, if RedCap UEs with 1 Rx branch measures 3 dB lower RSRP compared to a 2 Rx UE, Qrxlevmin_1Rx equal to Qrxlevmin plus a 3 dB offset should be used in the calculation of Srxlev. The modification is illustrated in Figure 2 below, where in A) no compensation is applied for 1 Rx RedCap UEs, leading to a smaller cell size for 1 Rx and 2 Rx, and in B) separate Qrxlevmin_1Rx is applied for 1 Rx RedCap UEs, leading to the same experiences cell size for all UEs.
[image: ]
[bookmark: _Ref92708037]Figure 2: Illustration of cell size compensation for 1 Rx RedCap UE.
We therefore support introducing optionally configurable separate Qrxlevmin and Qqualmin. The specification impact would be minimal, i.e., adding the above lines to TS 38.304 and specifying two parameters in TS 38.331 (Qrxlevmin_1Rx and Qqualmin_1Rx). On the other hand, the consequences of not specifying the optional support for this could be problematic if it later turns out that it is crucial in some scenarios to ensure the same cell size for 1 Rx and legacy UEs.
[bookmark: _Toc101831507]With no RedCap specific cell (re-)selection criteria, 1 Rx RedCap UEs would experience a smaller cell size than 2 Rx RedCap and legacy UEs.
[bookmark: _Toc101831508]Introducing cell (re)selection compensation for 1 Rx RedCap UEs does not add complexity in Rel-17; if introduced in later releases, backwards compatibility issues would arise if done in later releases.
[bookmark: _Toc101831523]Support optional configuration of RedCap specific Qrxlevmin_1Rx and Qqualmin_1Rx.

3.2	Text proposal for 38.304
We propose the following changes to TS 38.304 (additions in red):
	
[bookmark: _Toc29245202][bookmark: _Toc37298548][bookmark: _Toc46502310][bookmark: _Toc52749287][bookmark: _Toc100784091]5.2.3.2	Cell Selection Criterion
The cell selection criterion S is fulfilled when:
	Srxlev > 0 AND Squal > 0


where:
	[bookmark: _Hlk505630812]Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset - Qrxlevminoffset1Rx)– Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset - Qqualminoffset1Rx) - Qoffsettemp


where:
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	[bookmark: _Hlk513297296]Minimum required RX level in the cell (dBm). If the UE supports SUL frequency for this cell, Qrxlevmin is obtained from q-RxLevMinSUL, if present, in SIB1, SIB2 and SIB4, additionally, if QrxlevminoffsetcellSUL is present in SIB3 and SIB4 for the concerned cell, this cell specific offset is added to the corresponding Qrxlevmin to achieve the required minimum RX level in the concerned cell;
else Qrxlevmin is obtained from q-RxLevMin in SIB1, SIB2 and SIB4, additionally, if Qrxlevminoffsetcell is present in SIB3 and SIB4 for the concerned cell, this cell specific offset is added to the corresponding Qrxlevmin to achieve the required minimum RX level in the concerned cell.

	Qqualmin
	Minimum required quality level in the cell (dB). Additionally, if Qqualminoffsetcell is signalled for the concerned cell, this cell specific offset is added to achieve the required minimum quality level in the concerned cell.

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN, as specified in TS 23.122 [9].

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN, as specified in TS 23.122 [9].

	Qrxlevminoffset1Rx
	Offset to the signalled Qrxlevmin taken into account by UEs with 1 Rx branch, as specified in TS 38.331 [3] (dB). 

	Qqualminoffset1Rx
	Offset to the signalled Qqualmin taken into account by UEs with 1 Rx branch, as specified in TS 38.331 [3] (dB).

	Pcompensation 
	For FR1, if the UE supports the additionalPmax in the NR-NS-PmaxList, if present, in SIB1, SIB2 and SIB4:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB)

For FR2, Pcompensation is set to 0.
For IAB-MT, Pcompensation is set to 0.

	PEMAX1, PEMAX2
	Maximum TX power level of a UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 38.101 [15]. If UE supports SUL frequency for this cell, PEMAX1 and PEMAX2 are obtained from the p-Max for SUL in SIB1 and NR-NS-PmaxList for SUL respectively in SIB1, SIB2 and SIB4 as specified in TS 38.331 [3], else PEMAX1 and PEMAX2 are obtained from the p-Max and NR-NS-PmaxList respectively in SIB1, SIB2 and SIB4 for normal UL as specified in TS 38.331 [3]. 

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 38.101-1 [15].







4	Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN4 recommends that UEs with 1 Rx branch apply an offset to all RSRP-thresholds.
Observation 2	A configurable RSRP offset provides flexibility and is future proof.
Observation 3	Coverage compensation for 1Rx RedCap UEs is not fully beneficial if idle mode procedures are not updated accordingly.
Observation 4	With no RedCap specific cell (re-)selection criteria, 1 Rx RedCap UEs would experience a smaller cell size than 2 Rx RedCap and legacy UEs.
Observation 5	Introducing cell (re)selection compensation for 1 Rx RedCap UEs does not add complexity in Rel-17; if introduced in later releases, backwards compatibility issues would arise if done in later releases.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce a configurable parameter in SIB1 that indicates RSRP offset for UEs with 1 Rx branch.
Proposal 2	Capture the text proposal in this document in the specifications.
Proposal 3	Support optional configuration of RedCap specific Qrxlevmin_1Rx and Qqualmin_1Rx.
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