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In meeting #102, RAN Plenary endorsed the following Way Forward for 2Rx non-REDCAP XR UEs [1]:
1. Task RAN2 and RAN3 to develop signaling support for ‘2Rx non-REDCAP XR devices’, send corresponding Release-18 draft CR(s) to RAN#103:
· A new dedicated UE capability indication per band and setting of corresponding existing UE capability(ies). [RAN2]
Note: no need is foreseen to add an indication to Msg1 or Msg3.
· Indication in SIB, to be used to re-direct to another frequency layer, or to bar the device altogether. [RAN2] 
· SPID indication from the Core Network to gNB. [RAN3]
· N2-NGAP indication for ‘2Rx non-REDCAP XR devices’ from gNB to Core Network to take action based on operator policy. [RAN3]  
In this contribution, we discuss the RAN2 tasks of dedicated UE capability, the setting of existing UE capabilities, and indication in SIB. We will show that the 2Rx non-RedCap XR UEs should always indicate the capability of supporting 2 MIMO layers. In addition, other XR-related features, such as UL CG, could be made mandatory.
Discussions 
2Rx non-RedCap XR UE capabilities
The “glasses-type” UE is not a low-complexity UE, but it is a full-fledged XR device that physically cannot support 4Rx. From that perspective, it is quite reasonable for operators who allow the relaxed devices in their networks to expect that they have XR capabilities, beyond what a normal smartphone might be expected to support. To that end, we investigate two aspects of existing UE features for such devices:
1. MIMO layer support
2. URLLC features related to XR
For MIMO layer support, a 2Rx UE obviously cannot indicate support for more than 2 MIMO layers. The question is whether the device can indicate support of only 1 MIMO layer, or two MIMO layers. Our view is that these UE should be better than the 2Rx RedCap UEs, which could be used for XR. The 2Rx RedCap UE always supports the capability of 2 MIMO layers. Therefore, the 2Rx non-RedCap XR UE should also always indicate support for 2 MIMO layers.
Proposal 1. 2Rx non-RedCap XR UEs always indicate support for 2 MIMO layers.

As XR is a URLLC service (c.f. [2]), we can investigate URLLC and XR features that are currently optional and consider whether to make them mandatory for these XR UEs. These features could be from any release, below we examine just those from Rel-15.
Annex A from [3] with annotations for FG and whether mandatory or optional:
Annex A (informative):
URLLC capabilities 
The Release 15 features listed in Table A-1 are some of the features for UEs supporting services requiring ultra reliability and/or low latency, as defined in TS 38.300 [16]. It should be noted that the list is not exhaustive and not all features need to be supported at the same time for UEs supporting services requiring ultra reliability and/or low latency.

Table A-1: Rel-15 UE capabilities relevant for UEs supporting ultra-reliable and/or low latency services 

	Feature Category 
	3GPP capabilities 

	Repetitions 
	pusch-RepetitionMultiSlots  (5-17) mand w/cap, K=2,4,8

	 
	pdsch-RepetitionMultiSlots  (5-17a) opt, K=2,4,8

	 
	type1-PUSCH-RepetitionMultiSlots  (5-14) opt, K=2,4,8 w/RV

	 
	type2-PUSCH-RepetitionMultiSlots  (5-16) opt, K=2,4,8 w/RV

	Mini-slot 
	pdsch-MappingTypeA (5-6) mand w/ cap set to 1

	 
	pdsch-MappingTypeB  (5-6a) mand w/ cap

	 
	pdsch-ProcessingType1-DifferentTB-PerSlot (5-11) opt w/cap (values)

	 
	pusch-ProcessingType1-DifferentTB-PerSlot (5-12) opt w/cap (values)

	PDCCH processing 
	pdcch-MonitoringAnyOccasionsWithSpanGap (3-5b) opt w/ cap (values)

	 
	pdcch-MonitoringAnyOccasions (3-5) opt w/ cap

	 
	pdcch-MonitoringSingleOccasion (3-2) opt w/ cap

	UL configured grant 
	configuredUL-GrantType1 (5-19) opt w/cap

	 
	configuredUL-GrantType2 (5-20) opt w/cap

	DL SPS 
	downlinkSPS (5-18) opt w/cap

	HARQ-ACK 
	mux-HARQ-ACK-PUSCH-DiffSymbol  (4-28) mand w/cap

	Reduced processing time 
	pdsch-ProcessingType2 (5-13) opt w/cap (values)

	 
	pusch-ProcessingType2 (5-13d) opt w/cap (values)

	Ultra-reliable CQI/MCS tables
	cqi-TableAlt (2-32c) opt w/cap

	 
	dl-64QAM-MCS-TableAlt  (5-34) opt w/cap

	 
	ul-64QAM-MCS-TableAlt  (5-34a) opt w/cap

	 
	dl-MCS-TableAlt-DynamicIndication (5-34b) opt w/cap

	 
	ul-MCS-TableAlt-DynamicIndication  (5-34c) opt w/cap

	PDCP duplication
	pdcp-DuplicationSplitSRB  (1-6 from L2/3) opt w/cap

	 
	pdcp-DuplicationSRB (1-6 from L2/3) opt w/cap

	 
	pdcp-DuplicationMCG-OrSCG-DRB  (1-6 from L2/3) opt w/cap

	 
	pdcp-DuplicationSplitDRB  (1-6 from L2/3) opt w/cap



Most of the features in the table are optional for “normal” UEs (i.e., smartphones). For XR, many of these features are useful and could be expected to be supported (DL SPS, configured grant, …). Some could be even more relevant for XR UEs with reduced Rx chains (PDSCH repetition, ultra reliable CQI/MCS tables, …).
Observation 1. XR UEs should support more features than smartphones.
Proposal 2. Consider requiring that XR devices with the 2Rx relaxation support additional XR-related features, such as UL configured grant.
New dedicated UE capability indication
A new UE NR capability indication needs to be introduced for the 2Rx non-RedCap UE to indicate its support of only 2 receive antenna branches, e.g., as shown below:
<<TS 38.331 [4]>> 
-- Regular non-critical Rel-18 extensions:
UE-NR-Capability-v1800 ::=               SEQUENCE {
    airToGroundNetwork-r18                   ENUMERATED {supported}                                       OPTIONAL,
    eRedCapParameters-r18                    ERedCapParameters-r18                                        OPTIONAL,
    ncr-Parameters-r18                       NCR-Parameters-r18                                           OPTIONAL,
    softSatelliteSwitchResyncNTN-r18         ENUMERATED {supported}                                       OPTIONAL,
    hardSatelliteSwitchResyncNTN-r18         ENUMERATED {supported}                                       OPTIONAL,
    mt-SDT-r18                               ENUMERATED {supported}                                       OPTIONAL,
    mt-SDT-NTN-r18                           ENUMERATED {supported}                                       OPTIONAL,
    inDeviceCoexIndAutonomousDenial-r18      ENUMERATED {supported}                                       OPTIONAL,
    inDeviceCoexIndFDM-r18                   ENUMERATED {supported}                                       OPTIONAL,
    inDeviceCoexIndTDM-r18                   ENUMERATED {supported}                                       OPTIONAL,
    musim-GapPriorityPreference-r18          ENUMERATED {supported}                                       OPTIONAL,
    musim-CapabilityRestriction-r18          ENUMERATED {supported}                                       OPTIONAL,
    multiRx-FR2-Preference-r18               ENUMERATED {supported}                                       OPTIONAL,
    ra-InsteadCG-SDT-r18                     ENUMERATED {supported}                                       OPTIONAL,
    resumeAfterSDT-Release-r18               ENUMERATED {supported}                                       OPTIONAL,
    additionalBSR-Table-r18                  ENUMERATED {supported}                                       OPTIONAL,
    delayStatusReport-r18                    ENUMERATED {supported}                                       OPTIONAL,
    disableCG-RetransmissionMonitoring-r18   ENUMERATED {supported}                                       OPTIONAL,
    enhancedDRX-r18                          ENUMERATED {supported}                                       OPTIONAL,
    pdu-SetDiscard-r18                       ENUMERATED {supported}                                       OPTIONAL,
    psi-BasedDiscard-r18                     ENUMERATED {supported}                                       OPTIONAL,
    two-RxNonRedCap-r18                      ENUMERATED {supported}                                OPTIONAL,
    ul-TrafficInfo-r18                       ENUMERATED {supported}                                       OPTIONAL,
    aerialParameters-r18                     AerialParameters-r18                                         OPTIONAL,
    nonCriticalExtension                     SEQUENCE{}                                                   OPTIONAL
}


<< TS 38.306 [5]>>
4.2.2 General parameters
	srb-SDT-r17
Indicates whether the UE supports the usage of signalling radio bearer SRB2 for MO-SDT (over RA-SDT or CG-SDT) or MT-SDT (over RA or CG-SDT), as specified in TS 38.331 [9].

A UE supporting this feature shall also indicate support of ra-SDT-r17 cg-SDT-r17, mt-SDT-r18 or mt-CG-SDT-r18.
	UE
	No
	No
	No

	two-RxNonRedCap-r18
Indicates whether the UE, which is neither a RedCap UE nor an eRedCap UE, supports only 2 receive antenna branches.
	Band
	No
	N/A
	N/A

	ul-GapFR2-Pattern-r17
Indicates FR2 UL gap pattern(s) supported by the UE for NR SA, for NR-DC without FR2-FR2 band combination, for NE-DC, and for (NG)EN-DC, if UE supports a band in FR2. The leading / leftmost bit (bit 0) corresponds to the FR2 UL gap pattern 0, the next bit corresponds to the FR2 UL gap pattern 1, as specified in TS 38.133 [5] and so on. The UE shall set at least one of the bits to 1 for FR2 UL gap pattern 1 and 3, if the UE indicates support for ul-GapFR2-r17 in an FR2 band.
	UE
	CY
	No
	FR2 only



Proposal 3. Introduce a dedicated UE NR capability parameter for the 2Rx non-RedCap UE to indicate its support of only 2 receive antenna branches. 
Indication in SIB
After the RRC setup and UE capability transfer procedures, with the two-RxNonRedCap-r18, the gNB is able to recognize that the UE is a 2Rx non-RedCap UE, and therefore, if the cell doesn’t support 2Rx non-RedCap UEs, the gNB can send an RRCRelease message to redirect the UE to another NR carrier that supports 2Rx non-RedCap UEs, as currently specified. If it is desirable to redirect the 2Rx non-RedCap UE to another NR carrier more quickly, noting that Msg1 and Msg 3 have been ruled out by the Way Forward agreed in RAN Plenary [1], it is possible to introduce a new 2Rx non-RedCap UE Indication in the RRCSetupComplete message, e.g., as shown below, so that the RRCRelease message can be sent right away:
<<TS 38.331 [4]>>
RRCSetupComplete-v1800-IEs ::=      SEQUENCE {
    ncr-NodeIndication-r18              ENUMERATED {true}                               OPTIONAL,
    musim-CapRestrictionInd-r18         ENUMERATED {true}                               OPTIONAL,
    flightPathInfoAvailable-r18         ENUMERATED {true}                               OPTIONAL,
    measConfigReportAppLayerAvailable-r18 ENUMERATED {true}                             OPTIONAL,
    mobileIAB-NodeIndication-r18        ENUMERATED {true}                               OPTIONAL,
    twoRx-NonRedCapUEIndication-r18     ENUMERATED {true}                               OPTIONAL,
	nonCriticalExtension                SEQUENCE{}                                      OPTIONAL
}

With or without this optimization, we think the legacy RRCRelease with redirect (redirectedCarrierInfo) should be used and there is no need to introduce a new redirect mechanism in SIB. 

Observation 2. 2Rx non-RedCap UE can be redirected to another NR carrier using RRCRelease message. 
Proposal 4. Use RRCRelease message to redirect the 2Rx non-RedCap UE and do not introduce a new redirect mechanism in SIB.
Proposal 5. RAN2 consider introducing a new 2Rx non-RedCap UE Indication in the RRCSetupComplete message to enable early redirection with RRCRelease message.
If it is desirable to allow the network operators to bar 2Rx non-RedCap UEs from accessing or camping in their cells, a dedicated barring indication (e.g., similar to the RedCap barring indication) can be introduced in SIB1.
Proposal 6. RAN2 consider introducing a dedicated barring indication (e.g., similar to the RedCap barring indications) in SIB1.
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Observation 2. 2Rx non-RedCap UE can be redirected to another NR carrier using RRCRelease message. 
Based on these observations, we propose the following:
Proposal 1. 2Rx non-RedCap XR UEs always indicate support for 2 MIMO layers.
Proposal 2. Consider requiring that XR devices with the 2Rx relaxation support additional XR-related features, such as UL configured grant.
Proposal 3. Introduce a dedicated UE NR capability parameter for 2Rx non-RedCap UE to indicate its support of only 2 receive antenna branches. 
Proposal 4. Use RRCRelease message to redirect the 2Rx non-RedCap UE and do not introduce a new redirect mechanism in SIB.
Proposal 5. RAN2 consider introducing a new 2Rx non-RedCap UE Indication in the RRCSetupComplete message to enable early redirection with RRCRelease message.
Proposal 6. RAN2 consider introducing a dedicated barring indication (e.g., similar to the RedCap barring indications) in SIB1.
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