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1. Introduction
Based on current specification, a RedCap-capable cell can broadcast two separate cell barred indications, to control the access of 1Rx and 2Rx RedCap UEs respectively. 
RedCap-ConfigCommonSIB-r17 ::= SEQUENCE {
    halfDuplexRedCapAllowed-r17    ENUMERATED {true}                       OPTIONAL,  -- Need R
    cellBarredRedCap-r17           SEQUENCE {
        cellBarredRedCap1Rx-r17        ENUMERATED {barred, notBarred},
        cellBarredRedCap2Rx-r17        ENUMERATED {barred, notBarred}
    }                                                                      OPTIONAL,  -- Need R
    ...
}
In this contribution, we discuss the ambiguity issue we identified in our implementation, and propose the possible way forward. 
2. Discussion
Based on the text procedure defined in TS 38.331, 1Rx RedCap UE and 2Rx RedCap UE check cell barred indication accordingly. More specifically, for RedCap UE equipped with 2Rx bracch, as long as cellBarredRedCap2Rx is set to barred, the UE should consider the cell as barred irrespective of the configuration of cellBarredRedCap1Rx.
	TS 38.331 Section 5.2.2.4.2
Upon receiving the SIB1 the UE shall:
1>	store the acquired SIB1;
1>	if the UE is a RedCap UE and it is in RRC_IDLE or in RRC_INACTIVE, or if the RedCap UE is in RRC_CONNECTED while T311 is running:
2>	if intraFreqReselectionRedCap is not present in SIB1:
3>	consider the cell as barred in accordance with TS 38.304 [20];
3>	perform barring as if intraFreqReselectionRedCap is set to allowed;
2> else:
[bookmark: OLE_LINK100][bookmark: OLE_LINK101]3>	if the cellBarredRedCap1Rx is present in the acquired SIB1 and is set to barred and the UE is equipped with 1 Rx branch; or
3>	if the cellBarredRedCap2Rx is present in the acquired SIB1 and is set to barred and the UE is equipped with 2 Rx branches; or
3>	if the halfDuplexRedCapAllowed is not present in the acquired SIB1 and the UE supports only half-duplex FDD operation:
4>	consider the cell as barred in accordance with TS 38.304 [20];
4>	perform barring based on intraFreqReselectionRedCap as specified in TS 38.304 [20];



Besides SIB1, the cell barred indications for 1Rx and 2Rx RedCap UE are also introduced in Xn interface (see RedCap Broadcast Information in TS 38.423), so that a NR cell knows the status of neighbor cell and select a suitable target cell when triggers handover for RedCap UE.
Observation 1	Besides SIB1, the cell barring indications for 1Rx/2Rx RedCap UEs are also exchanged between gNBs, so the network can select suitable target cell for triggering handover.
For initial access, the UE performs cell barring checking based on the number of its Rx, so the UE is clear whether to use cellBarredRedCap1Rx or cellBarredRedCap2Rx. For handover or redirection, it is up to the network to select the target cell, so the network is responsible to choose a suitable cell that matches the UE capability. For example, for 1Rx RedCap UE, the network cannot trigger the UE to handover to a target cell that only supports 2Rx UEs. 
Observation 2	Different from initial access, for handover, it is up to the network to determine UE’s supported Rx number and select suitable target cell.
Regarding how to determine the Rx number, based on RAN1 agreement and TS 38.306, for FR2, 2 Rx branches are always supported, but for FR1, the number of supported Rx branches is implicitly indicated by the MIMO capability. 
	[bookmark: _Toc124539642]4.2.21.1	Definition of RedCap UE
RedCap UE is the UE with reduced capability:
-	The maximum bandwidth is 20 MHz for FR1, and is 100 MHz for FR2. UE features and corresponding capabilities related to UE bandwidths wider than 20 MHz in FR1 or wider than 100 MHz in FR2 are not supported by RedCap UEs;
-	The maximum mandatory supported DRB number is 8;
-	The mandatory supported PDCP SN length is 12 bits while 18 bits being optional;
-	The mandatory supported RLC AM SN length is 12 bits while 18 bits being optional;
-	For FR1, 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL MIMO layers if 2 Rx branches are supported; for FR2, either 1 or 2 DL MIMO layers can be supported, while 2 Rx branches are always supported. For FR1 and FR2, UE features and corresponding capabilities related to more than 2 UE Rx branches or more than 2 DL MIMO layers, as well as UE features and capabilities related to more than 1 UE Tx branch or more than 1 UL MIMO layer are not supported by RedCap UEs;


More specifically, the DL MIMO capability is represented by the below capability:
FeatureSetDownlinkPerCC ::=         SEQUENCE {
    supportedSubcarrierSpacingDL        SubcarrierSpacing,
    supportedBandwidthDL                SupportedBandwidth,
    channelBW-90mhz                     ENUMERATED {supported}                  OPTIONAL,
    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                           OPTIONAL,
    supportedModulationOrderDL          ModulationOrder                         OPTIONAL
}

MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}
	 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.
	FSPC
	CY
	N/A
	N/A


For FR1, if the UE reports “twoLayers” for maxNumberMIMO-LayersPDSCH, it means the UE supports 2Rx branches; if maxNumberMIMO-LayersPDSCH is not signalled, it means the UE supports 1Rx branch. 
However, based on the current signalling design, maxNumberMIMO-LayersPDSCH is per FSPC reported, not per-band, so for a specific band, the UE is allowed to report different value of DL MIMO layers in different feature set rows.
Observation 3	For FR1, the UE’s Rx number is implicitly indicated by supported DL MIMO layers, but based on current signalling design, for a specific band, the UE may report different DL MIMO layers in different FS.
Regarding how network determines the UE’s Rx number, from network implementation point of view, as long as the UE reports 2 layers DL MIMO in at least one feature set of a band, we think the UE is equipped with 2 Rx branches. If the UE only report 1 layer DL MIMO for all feature sets of a band, the network assumes the UE is equipped with only 1 Rx branch. 
Regarding the NR cell status, considering there is no configuration restriction between “cellBarredRedCap1Rx” and “cellBarredRedCap2Rx”, so currently the following 4 cases are supported:
	Cases
	cellBarredRedCap1Rx
	cellBarredRedCap2Rx
	Note

	1
	barred
	barred
	Both 1Rx and 2Rx RedCap UEs cannot access the cell.

	2
	barred
	not barred
	Only 2Rx RedCap UEs can access the cell.

	3
	not barred
	barred
	Only 1Rx RedCap UEs can access the cell.

	4
	not barred
	not barred
	Both 1Rx and 2Rx RedCap UEs can access the cell.


For Case 1 and Case 4, there is no problem because 1Rx or 2Rx RedCap UEs have the same treatment. For Case 2, if a UE only reports 1layer DL MIMO capability, the network knows the UE is 1 Rx UE and will not switch the UE to Case 2 cell.
However, we see ambiguity issue occurs in Case 3, if the UE reports both 1 layer DL MIMO capability and 2 layers DL MIMO capability for the concerned band, as explained above, the network will assume the UE is equipped with 2Rx branches, this means the UE cannot be handed over to Case 3 cell. But from UE capability point of view, the UE do support 1 layer DL MIMO capability that can be served properly in Case3 cell. On the other hand, even if the UE only 2 layers DL MIMO, the UE can still be configured without MIMO, so technically, it is unclear whether the network can consider Case 3 cell as handover target cell by not configuring 2 layers DL MIMO to the UE in target cell. 
Observation 4	From network implementation point of view, it is unclear whether the network can switch RedCap UE (with 2 layers DL MIMO capabilities) to a Case 3 cell by ensuring the UE is not configured with 2 layers DL MIMO in target cell.
To avoid inter-operability issue, we suggest RAN2 to clarify this issue, in our understanding, there are three approaches:
· Approach 1: Confirm Case 3 configuration is valid.
· Approach 1.1:The network cannot switch a RedCap UE (with 2 layers DL MIMO capability) to Case 3 cell.   
· Approach 1.2: The network can switch a RedCap UE (with 2 layers DL MIMO capability) to Case 3 cell, as long as the network ensures the UE will not be configured with 2 layers DL MIMO in target cell. 
· Approach 2: Disallow Case 3 configuration in specification, so the ambiguity issue won’t exist.
Among the options, we prefer Approach 2 because in real deployment, we haven’t seen the clear benefit of supporting Case 3 configuration. Going back to the history of the discussion on cell barring indication, the reason of introducing separate indications for 1Rx and 2Rx is that, there is motivation to keep performance unaffected by disallowing the access of 1Rx UEs. But indeed, there is no motivation to only allow 1Rx UEs but not 2Rx UEs. 
Observation 5	There is no clear benefit/motivation to configure a cell to only support 1Rx RedCap UEs but not 2Rx RedCap UEs.
Therefore, we propose to add restriction to the specification, that cellBarredRedCap2Rx can be set to “barred” only if cellBarredRedCap1Rx is set to “barred” (i.e. to preclude Case 3). 
Proposal 1	To clarify in specification that “cellBarredRedCap2Rx can be set to “barred” only if cellBarredRedCap1Rx is set to “barred”.
For Proposal 1, we provided corresponding CR in [1].
Proposal 2	If Proposal 1 is agreed, then agree the CR in [1].
If Proposal 1 cannot be agreed, then we suggest RAN2 to clarify which of the followings is correct. 
Proposal 3	If Proposal 1 is not agreed, then to select one of following options:
· Approach 1.1:The network CANNOT switch a RedCap UE (with 2 layers DL MIMO capability) to the cell which cellBarredRedCap2Rx is set to barred.   
· Approach 1.2: The network CAN switch a RedCap UE (with 2 layers DL MIMO capability) to the cell which cellBarredRedCap2Rx is set to ‘barred’ but cellBarredRedCap1Rx is set to ‘notbarred’, as long as the network ensures the UE will not be configured with 2 layers DL MIMO in target cell. 
3. Conclusion
In this contribution, proposals and observations are:
Observation 1	Besides SIB1, the cell barring indications for 1Rx/2Rx RedCap UEs are also exchanged between gNBs, so the network can select suitable target cell for triggering handover.
Observation 2	Different from initial access, for handover, it is up to the network to determine UE’s supported Rx number and select suitable target cell.
Observation 3	For FR1, the UE’s Rx number is implicitly indicated by supported DL MIMO layers, but based on current signalling design, for a specific band, the UE may report different DL MIMO layers in different FS.
Observation 4	From network implementation point of view, it is unclear whether the network can switch RedCap UE (with 2 layers DL MIMO capabilities) to a Case 3 cell by ensuring the UE is not configured with 2 layers DL MIMO in target cell.
Observation 5	There is no clear benefit/motivation to configure a cell to only support 1Rx RedCap UEs but not 2Rx RedCap UEs.
Proposal 1	To clarify in specification that “cellBarredRedCap2Rx can be set to “barred” only if cellBarredRedCap1Rx is set to “barred”.
Proposal 2	If Proposal 1 is agreed, agree the CR in [1].
Proposal 3	If Proposal 1 is not agreed, then to select one of following options:
· Approach 1.1:The network CANNOT switch a RedCap UE (with 2 layers DL MIMO capability) to the cell which cellBarredRedCap2Rx is set to barred.   
· Approach 1.2: The network CAN switch a RedCap UE (with 2 layers DL MIMO capability) to the cell which cellBarredRedCap2Rx is set to ‘barred’ but cellBarredRedCap1Rx is set to ‘notbarred’, as long as the network ensures the UE will not be configured with 2 layers DL MIMO in target cell. 
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