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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This is to discuss the task on R2 based on RP-234015.
Discussion
Task-1
Firstly
-	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.
In legacy, the number of Rx chain was indicated via the following flag
FeatureSetDownlinkPerCC ::=         SEQUENCE {
    […]
    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                                                           OPTIONAL,
    […]
}
For which the usage was specified as follows
	maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier.
For the bands where pdsch-1024QAM-2MIMO-FR1-r17 is indicated, MIMO layers for 1024 QAM is the smaller value between 2 and maxNumberMIMO-LayersPDSCH.
	FSPC
	CY
	N/A
	N/A


Now for 2Rx XR, the difference comes from 
1. To remove the 4Rx requirement on specific band(s) (e.g., n7/38/41/48/77/78/79/104, i.e., the “bands where 4Rx is specified as mandatory”), but specifically for XR device (this has to be notified to network);
2. To reflect the possible different R4 requirement, which would be tightened, compared to normal (non-XR) 2Rx requirements, following the guidance from RP-234015.
Observation 1 Legacy maxNumberMIMO-LayersPDSCH is NOT sufficient to report 2Rx capability for the “2Rx XR” use case here.
One thing is unclear at the current stage is that whether R4 would define a tightened requirement for 2Rx-XR device
-	Determine the feasibility of tightened 2Rx REFSENS requirements (in relation to existing 2Rx and 4Rx REFSENS) for the bands where 4Rx is mandatory and provide the feasible REFSENS values. RAN4 shall consider both conducted requirements as well as OTA considerations.
Observation 2 It is not clear, at the current stage, that whether 2Rx-XR would have a different R4 requirement for 2Rx (‘tightened’ than the existing 2Rx) or not, which is dependent on R4 conclusion. 
Although the RP task R2 to design a per-band signaling, the reason behind worths further check.
1. 2Rx would be used on all the bands the UE supports, e.g., the UE supports n7/n38/n41, and UE will support 2Rx on all the 3 bands. 
2. The other possibility is that the “2Rx” implementation is indeed per-band. I.e., a XR device may implement 2Rx for a sub-set of bands, but still keep 4Rx implementation for the other bands. E.g., the UE supports n7/n38/n41, and UE will support 2Rx on n7 and n38, but support 4Rx on n41. 
In case-1 above, it seems sufficient to define a per-UE signaling, similar as in Redcap, to indicate that the UE, as a XR device, would behave according to a tightened 2Rx requirement on the all supported bands (where 4Rx is specified as mandatory).
In case-2 above, the per-band signaling is reasonable, i.e., network can base on the per-band signaling to know, for a specific band, whether to follow the tightened 2Rx XR requirement, or to follow the legacy 4Rx requirement. On the other hand, if R4 fails to ‘tighten’ the requirement, still a per-UE signaling is sufficient, since no need to differentiate the normal and ‘tightened’ R4 requirements.
Observation 3 It is not clear whether a “2Rx-XR” device may implement 2Rx for a sub-set of bands, but still keep 4Rx implementation for the other bands, and whether R4 would conclude to tighten the requirement. They will further lead to the ambiguity whether a per-UE capability is sufficient or a per-band capability is necessary. 
Based on the RP discussion captured in RP-232657, it is clear that the new capability is used to release the 4RX mandatory requirement, so it seems sufficient to use 1-bit to reflect whether
· The legacy 4Rx mandatory requirement is still valid
· Or not
Proposal 1 [bookmark: _Toc158644439]R2 confirm 1-bit (via optionality) indication is sufficient for the new capability, to reflect whether the legacy 4Rx mandatory is still valid (being absent), or not (being present).
If R2 stick to RP conclusion of per-band signaling, it would be helpful to understand whether the capability, if reported, shall be present on all supported bands where 4Rx is mandatory. If No, seems case-2 above is one reason, but not sure whether there is another reason for it. Anyway, it is necessary to align companies understanding on this point. 
Proposal 2 [bookmark: _Toc158644440]R2 discuss whether the new per-band capability, if reported, shall be present for all supported bands where 4Rx was mandatory. If No, R2 clarify how for network to interpret the UE implementation on the bands where 4Rx was mandatory but the new per-band capability is absent. 
Then for the bands whether 4Rx was optional, whether the new capability could be reported seems not clear either. 
On the one hand, RP did not touch those bands explicitly, and the R4 requirement tightening is not for those bands
-	Determine the feasibility of tightened 2Rx REFSENS requirements (in relation to existing 2Rx and 4Rx REFSENS) for the bands where 4Rx is mandatory and provide the feasible REFSENS values. RAN4 shall consider both conducted requirements as well as OTA considerations.
On the other hand, it is questionable that when a same device adopts tightened requirement for some bands, it would behave differently on the other bands it supports. 
Observation 4 It is not clear whether the tightened requirement, if concluded by R4, will apply to the bands where 4Rx is optional. 
So spec-wise, the question is whether the new capability can be reported for the bands where 4Rx is optional. And if so, how for network to interpret the difference between such band with and without the new capability. 
Proposal 3 [bookmark: _Toc158644441]R2 clarify whether the new per-band capability applies to the bands where 4Rx was optional. If yes, R2 discuss how for network to interpret the difference between such kind of band with and without the new capability.
Otherwise, if the left issues for per-band capability are hard to solve, R2 can consider the possibility of per-UE capability. 
Proposal 4 [bookmark: _Toc158644442]If R2 cannot converge on the left issues of per-band capability, R2 discuss the feasibility of per-UE capability for 2Rx-XR device. 
Then for the legacy capability maxNumberMIMO-LayersPDSCH, it seems reasonable that the value is set to be a value lower than 2, for the band with the new capability. i.e., for a BC, the supported DL MIMO layer for such band cannot be larger than 2. 
Proposal 5 [bookmark: _Toc158644443]R2 confirm the legacy field of maxNumberMIMO-LayersPDSCH, if reported for 2Rx-XR device, shall be set as 1 or 2.
Task-2
-	Indication in SIB, to be used to re-direct to another frequency layer, or to bar the device altogether. [RAN2]
This is to mimic the solution adopted in Redcap
SIB1-v1700-IEs ::=               SEQUENCE {
[…]
    intraFreqReselectionRedCap-r17 ENUMERATED {allowed, notAllowed}                                     OPTIONAL,  -- Need S
[…]
}

RedCap-ConfigCommonSIB-r17 ::= SEQUENCE {
[…]
    cellBarredRedCap-r17           SEQUENCE {
        cellBarredRedCap1Rx-r17        ENUMERATED {barred, notBarred},
        cellBarredRedCap2Rx-r17        ENUMERATED {barred, notBarred}
    }                                                                                                   OPTIONAL,  -- Need R
[…]
}
And also 
InterFreqCarrierFreqInfo-v1700 ::=  SEQUENCE {
[…]
    redCapAccessAllowed-r17             ENUMERATED {true}                                           OPTIONAL,    -- Need R
[…]
}
So it can be copied in a way that
Proposal 6 [bookmark: _Toc158644444]Introduce barring bit and IFRI bit for 2Rx-XR in SIB1, and indication to allow 2Rx-XR for a frequency in SIB4.
Furthermore, in order for UE to know gNB capability of supporting 2Rx-XR, it can rely on IFRI bit as in redcap, or via barring bit. R2 can further decide on this issue.
Proposal 7 [bookmark: _Toc158644445]R2 decide on which bit (barring or IFRI) for UE to know gNB capability of supporting 2Rx-XR.
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We have the following proposals:
Proposal 1	R2 confirm 1-bit (via optionality) indication is sufficient for the new capability, to reflect whether the legacy 4Rx mandatory is still valid (being absent), or not (being present).
Proposal 2	R2 discuss whether the new per-band capability, if reported, shall be present for all supported bands where 4Rx was mandatory. If No, R2 clarify how for network to interpret the UE implementation on the bands where 4Rx was mandatory but the new per-band capability is absent.
Proposal 3	R2 clarify whether the new per-band capability applies to the bands where 4Rx was optional. If yes, R2 discuss how for network to interpret the difference between such kind of band with and without the new capability.
Proposal 4	If R2 cannot converge on the left issues of per-band capability, R2 discuss the feasibility of per-UE capability for 2Rx-XR device.
Proposal 5	R2 confirm the legacy field of maxNumberMIMO-LayersPDSCH, if reported for 2Rx-XR device, shall be set as 1 or 2.
Proposal 6	Introduce barring bit and IFRI bit for 2Rx-XR in SIB1, and indication to allow 2Rx-XR for a frequency in SIB4.
Proposal 7	R2 decide on which bit (barring or IFRI) for UE to know gNB capability of supporting 2Rx-XR.
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