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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#92-e meeting, the new WID on support of the reduced capability NR devices was approved [1], and the following objectives in the WID were included:  
	· 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]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and MsgA 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] 
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331). [RAN2]


In this contribution, three issues are discussed. The first issue is that how to define UE type for RedCap, the second issue is how to identify RedCap UEs, and the third issue is the capability indication and access restriction. 
[bookmark: _Ref481055071]Discussion
[bookmark: OLE_LINK106][bookmark: OLE_LINK111][bookmark: OLE_LINK23][bookmark: OLE_LINK225][bookmark: OLE_LINK226]2.1   Device type and definition
	Agreements:
· A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2
· Further discuss whether to capture also one or more of the following capabilities to RedCap UE type description
· Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
· Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
· Supports either DL up to 64 QAM or up to 256 QAM for FR1
· Does not support CA/DC
Agreements:
Confirm the following working assumption with the modifications in red:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· FFS how to support enable/disable the early indication
· FFS details e.g.: From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP (if supported)
· separate PRACH resource
· PRACH preamble partitioning
· FFS: whether/how to address RA-RNTI overlapping issue
· FFS the possibility of supporting Msg3 for the early indication 
Whether/how to support early indication of RedCap UEs in Msg3 in Rel-17 is up to RAN2.

Conclusion
· There is no consensus in RAN1 on whether to have the access barring indication in DCI scheduling SIB1, and RAN1 can come back if triggered by RAN2.


[bookmark: OLE_LINK39][bookmark: OLE_LINK40]In our view, the UE type for RedCap is defined by a minimum (mandatory) capability set, on top of which additional optional UE features can be reported with existing capability framework, where details can be discussed in RAN2. Only one RedCap UE type is specified as mandated by the WID [1], and early identification of RedCap UE type is used to differentiate RedCap UEs from non-RedCap UEs. So only initial access related capabilities need to be included in the minimum capability set for RedCap UEs. 
As agreed in RAN1#105-e, there is no need for the number of Rx branches to be reported during initial access. Moreover, if the existing switching times for UE not capable of full duplex are reused for HD-FDD RedCap UEs, in general there is no specification impact during RedCap UE’s initial access and random access procedure, so the half-duplex capability can be considered as an optional capability and reported to the network after random access. Only the maximum UE channel bandwidth supported by RedCap UE can affect the initial access, in consideration of the initial UL BWP configuration vs. RedCap UE maximum bandwidth, and thus early identification is justified and necessary. 
From RAN1 point of view, the need of reporting the UE maximum bandwidth is clear. For the other capabilities listed in the agreements for further discussion, they will/shall not change the signaling design for reporting the RedCap UE Type (i.e. only 1 bit is necessary during initial access). Therefore, whether or not to additionally include them does not impose any technical/performance difference from system perspective. Unless RAN2 identified any issue or the need to capture some texts for RedCap UE Type definition, we suggest
Proposal 1: No further discussion in RAN1 on whether to additionally capture other UE capabilities than the maximum UE channel bandwidth.

2.2   Capability indication and access restriction
As specified in the updated WID, system information can indicate whether a RedCap UE can camp on the cell/frequency, and the indication can be specific to 1Rx or 2Rx.
	· 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]


In our understanding, there are two potential motivations for restricting the access of RedCap UEs to avoid unnecessary network access attempt of the RedCap UEs. 
· Motivation 1: Network does not support RedCap UEs.
· Motivation 2: Network supports RedCap UEs, but restricts the access of all or part of RedCap UEs for load balancing and system performance.
For the first motivation, the network should indicate to the RedCap UEs whether the network supports RedCap UEs accessing or not. For the commercialization of networks, support of NR RedCap UEs could be deployed gradually. In the actual network environment, especially for the initial deployment phase, it is possible that some cells do not support RedCap UEs in the early stage. If the network indicates no support of NR RedCap UEs, the UEs will not attempt to access the network again or not attempt to access for a much longer time to avoid unnecessary power consumption. In this case, the UE may continue to scan SSB raster to find another suitable cell to camp on. Therefore, the earlier the network indicates its capability, the better the RedCap UEs can save power consumption. 
Observation 1: It is necessary for network to indicate whether it supports RedCap UEs accessing or not.
For the second motivation as stated in WID, if the network supports RedCap UEs, the network can indicate whether it allows the RedCap UEs or part of RedCap UEs (e.g. RedCap UEs with 1Rx) access or not. For example, the network wants to load balance or protect the access of non-RedCap UEs. 
Based on the above discussion, it should be allowed that network can restrict the access of all RedCap UEs or part of RedCap UEs (e.g. RedCap UEs with 1Rx) according to the network decision. 
According to the current NR specification, there are some mechanisms for the network to indicate whether the network allows the UE’s access or not, for example, via the indications in MIB or SIB1 to inform the UE to exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds. As RedCap UEs are not typically latency sensitive during initial access, if the restriction on the time for cell selection/reselection could be adjusted by the gNB according to the traffic load of the network and the RX branches number of the UEs, it will be beneficial for power saving of the UEs and control flexibility of the gNB. Use of 2 more spare bits in PBCH payload in FR1 can also be considered. 
Currently, there are 15 spare bits in DCI associated with SIB1, which can be used to make access restriction of RedCap UEs. Compared with access restriction via SIB1, if restricting the access of RedCap UEs via DCI associated with SIB1, the RedCap UEs would stop the system information acquisition procedure once the RedCap UE successfully decodes the DCI with the access restricting information. Since unnecessary SIB1 decoding can be avoided for the RedCap UEs, it is beneficial for power saving. It shall be possible to enable access control separately for 1Rx/2Rx RedCap UEs, for example, two bits in DCI associated with SIB1 specific for 1Rx and 2Rx RedCap UEs are utilized. For different number of Rx branches, network may choose to use a different decision, e.g. time for re-access to indicate how it may expect various RedCap UEs.
Observation 2: Compared with access restriction via SIB1, access restriction via DCI associated with SIB1 is beneficial for RedCap UE’s power saving and has minor specification impact.
Proposal 2: Consider to restrict the access of RedCap UEs via SIB1
· Access control specific to RedCap UEs with 1Rx or 2Rx via DCI associated with SIB1 
· Different cell selection/reselection time for 1Rx or 2Rx can be configured by gNB.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this contribution, preliminary considerations are provided on defining and constraining reduced capabilities, as well as the identification and access restriction of reduced capabilities devices. Moreover, the following observations and proposals are given:
Observation 1: It is necessary for network to indicate whether it supports RedCap UEs accessing or not.
Observation 2: Compared with access restriction via SIB1, access restriction via DCI associated with SIB1 is beneficial for RedCap UE’s power saving and has minor specification impact.
Proposal 1: No further discussion in RAN1 on whether to additionally capture other UE capabilities than the maximum UE channel bandwidth.
Proposal 2: Consider to restrict the access of RedCap UEs via SIB1
· Access control specific to RedCap UEs with 1Rx or 2Rx via DCI associated with SIB1 
· Different cell selection/reselection time for 1Rx or 2Rx can be configured by gNB.
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