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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#91e, the RedCap WID [1] was updated and agreed. Following objectives are RAN2-led and need RAN1 inputs,
· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1]
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution, we provide analysis on these RAN2-led objectives, including RedCap UE type definition, RedCap UEs identification, and a system information indication for access control.
Discussion
Regarding UE type definition, it was agreed in RAN1#103e that definition of the RedCap UE type can be based one of four options.
Agreements: At least for RedCap UE identification, explicit definition of RedCap UE type(s) is needed. Pending conclusions on the reduced complexity features in AI8.6.1 and RedCap UE identification in AI8.6.5, the definition of the RedCap UE types can be based on one of:
· Option 1: All the reduced capabilities recommended at the end of the RedCap study
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
· Option 3: All the recommended reduced capabilities as well as recommended power saving features
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support
From our view, the intention of defining RedCap UE type is to enable the network identify RedCap UEs with mandatory capabilities which do not need to be explicitly signaled. The optional features could be reported after initial access based on existing capability reporting framework. From this point of view, option 2 or option 4 is preferred, and these two options are not mutually exclusive in our understanding. 
Proposal 1: The definition of RedCap UE type only includes minimum set of capabilities that the network needs to know during initial access.
In RAN1#103e, it was agreed that at least maximum supported UE BW during initial access is included in the set of L1 capabilities of the device type for RedCap early identification if early identification is supported. 
Agreements:
· If early identification during initial access is supported, at least maximum supported UE BW during initial access is included in the set of L1 capabilities of the device type for RedCap early identification 
· Note: 20 MHz for FR1 and 100 MHz for FR2  
· FFS other L1 capabilities 
· Note: This does not preclude the case where the early indication only indicates whether it is a Redcap UE or which type of the Redcap UEs if multiple UE types are defined
Since early identification during initial access has been accepted as one objective in the WID, the maximum supported UE BW during initial access shall be included in the RedCap UE type definition.
The MCS table (or highest MCS) might need to be included in the UE type definition. This may depend on further progress if legacy MCS table is reused or low-SE MCS table is taken as mandatory for RedCap UEs.  
According to RedCap WID, both 1Rx and 2Rx branches are supported for RedCap UEs in each frequency band. Therefore, the single RedCap UE type definition will not contain a specific number of Rx branches.
Whether UE is FD-FDD or HD-FDD UE will not impact the data transmission and reception during initial access. From this point of view, the capability regarding duplex mode is not included in the UE type definition.
Proposal 2: From L1 point of view, the RedCap UE type contains maximum UE BW, and possibly with highest MCS. 
Regarding UE identification, as in WID, the RedCap UEs need to be identified through early identification in Msg1, and/or Msg3, and MsgA if supported. It was further discussed in RAN1#104b-e if support early identification of RedCap UEs with a specific number of antennas. Following agreements were reached, 
Agreements:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA 
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported
If the network could obtain the number of Rx branches early, it could perform better link adaptation for data transmission during initial access, which improves transmission efficiency. Alternatively, link adaptation during initial access could be enabled by reusing the scheme agreed in CE study, where it was agreed that there could be separated PRACH resources that are configured based on e.g., measured DL RSRP. 
Agreement: For Msg3 PUSCH repetition,  support the following modified Option 2-1. 
· Option 2-1: For UE requested Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
Although the intention of separate PRACH resource in CE study is for UE requesting Msg3 repetition, it helps also link adaptation for DL data transmission since gNB could obtain DL channel status based from the received preambles. 
Therefore, the PRACH resource partitioning in the CE study could be reused in RedCap to help link adaptation in gNB side. The PRACH resources for RedCap UEs could be partitioned based on measured RSRP, so that the gNB could early identify the RedCap UEs with different channel conditions and perform link adaptation for the data transmission during initial access. 
[bookmark: _Hlk71287277]Proposal 3: Consider two alternatives of early identification of RedCap UEs through Msg1/MsgA,
· Alt.1: early identification of RedCap UEs with different number of Rx branches 
· Alt.2: early identification of RedCap UEs with different channel conditions. 
Regarding system information indication for access control, there was concern regarding the potential degradation of end user performance and spectral efficiency of the network with the introduction of 1Rx RedCap UEs. Therefore, it was agreed in the WID to specify a system information indication for barring the RedCap UEs, and shall be possible to be specific to the number of Rx branches of the UE. An alternative here is to constrain the access of RedCap UEs based on the undergoing channel conditions. The rationale is that serving UEs with good channel conditions (even with low number of Rx branches) will not sacrifice the system performance. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: Consider two alternatives of restricting RedCap UEs accessing the network, 
· Alt.1: restricting RedCap UEs with 1Rx branch from accessing the network 
· Alt.2: restricting RedCap UEs with poor channel conditions from accessing the network.

Conclusions
As a summary, we have the following proposals on UE identification and access control for RedCap,
Proposal 1: From L1 point of view, the definition of RedCap UE type only includes minimum set of capabilities that the network needs to know during initial access.
Proposal 2: From L1 point of view, the RedCap UE type contains maximum UE BW, and possibly with highest MCS. 
Proposal 3: Consider two alternatives of early identification of RedCap UEs through Msg1/MsgA,
· Alt.1: early identification of RedCap UEs with different number of Rx branches 
· Alt.2: early identification of RedCap UEs with different channel conditions. 
Proposal 4: Consider two alternatives of restricting RedCap UEs accessing the network, 
· Alt.1: restricting RedCap UEs with 1Rx branch from accessing the network 
· Alt.2: restricting RedCap UEs with poor channel conditions from accessing the network.
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