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1 Introduction
The following objectives were agreed in RAN#91-e [1]:
	· 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 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] 


This contribution discusses aspects related to the above three objectives. 
2 RedCap UE type and capabilities
As agreed in RAN#91-e [1], a single RedCap UE type is specified in Rel-17. It has also been agreed in RAN1#104bis-e to indicate (implicitly or explicitly) the number of Rx branches using UE capability report [2]. Since discussion is ongoing in other RedCap AIs, for example in AI 8.6.1.1 it is discussed whether it is allowed that the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth during and/or after initial access, and there are WAs with FFS for the DL bandwidth, other UE capabilities related to UL/DL bandwidth can be discussed in a future meeting. The same applies for duplex operation.
Observation 1: RedCap UE capabilities include the number of RX branches.
3 Identification for RedCap UEs
It has been agreed to specify a functionality for a RedCap UE to be identified by the network during initial access. An early identification of a RedCap UE can be helpful for several reasons. The coverage difference between non-RedCap UEs and RedCap UEs can impact the reliability of a Msg2, resulting in a need to identify the Redcap UE in Msg1. The random access procedure for RedCap UEs can be different than the random access procedure for NR UEs, for example the initial UL BWP for non-RedCap UEs can be configured to be wider than the RedCap UE bandwidth, and RedCap UEs can use a same or separate UL BWP as non-RedCap UEs. There is then a need for an early UE identification, and how early to identify the RedCap UE depends on which aspects of the random access procedure would be different. It can be that Msg1 of RedCap UEs is transmitted on a separate UL bandwidth than the one used for non-RedCap UEs, or Msg1 is transmitted on the same UL BWP and Msg3 is transmitted on a different UL bandwidth. An ongoing discussion in AI 8.6.1.1 will determine aspects related to the UL bandwidth used by RedCap UEs during initial access.  
Identification of a RedCap UE in Msg1

When the identification of a RedCap UE is done in Msg1, separate PRACH resources can be used by RedCap UEs and non-RedCap UEs so that a gNB can distinguish UEs with different capabilities. Identification of a RedCap UE by capabilities mapped to the PUSCH of MsgA can also be considered for 2-step RACH if supported. The RedCap UE capabilities to map to the identification in Msg1 may include the UL bandwidth during initial access, the number of receive antennas and UL bandwidth after initial access. It needs to be considered that the overhead increase for configuring PRACH resources or partitioning of ROs to indicate more than one capability of RedCap UEs can be substantial and the indication of some capabilities can be considered in Msg3. These and other potential capabilities need to be considered depending on how the initial access procedure and the UL BWPs before and after initial access are defined for RedCap UEs.
After a gNB identifies the RedCap UE by Msg1 and has knowledge of the UE capabilities from the used PRACH resources, the gNB can configure a proper CORESET and search space for RAR/Msg3 and Msg4. For example, the gNB can assign more resources to a RedCap UE compared to a non-RedCap UE to ensure same DL coverage.  If no UE capability is reported in Msg1 or MsgA, in order to be able to serve RedCap UEs a gNB may need to use more DL resources for all UEs.  The gNB can instead configure a separate CORESET for PDCCH for the identified RedCap UEs and configure a larger BWP for CORESET0 or initial BWP for other non-RedCap UEs. Also existing schemes to improve DL coverage enhancement for RedCap UEs during initial access, such as TB scaling for RedCap devices, can be used while the gNB assumes the worst case of one Rx branch when early indication based on Msg 1 identifies a RedCap UE. With the early identification in Msg1, a gNB has also the flexibility to move UEs in a different BWP during initial access if supported, for example the UE can use a different BWP to transmit Msg3, or after Msg4. 
Observation 2: If identification of a RedCap UE in Msg1 is supported, UL bandwidth during initial access can be included in the set of UE capabilities. 
Identification of a RedCap UE in Msg3

When the identification of a RedCap UE is done in Msg3 or MsgA PUSCH if supported, the UE can provide more information to a gNB given the availability of a number of bits to carry such information.  As in eMTC/NB-IoT, DV/BSR and channel status can also be reported in Msg3 to provide more information to a gNB to choose parameters for RRC connection setup or for an UL grant for early data transmission (EDT). The number of RX antennas can be reported in Msg3 as that information could benefit the transmission of Msg4 although the reliability of Msg4 can be ensured by retransmissions. 
Observation 3: The overhead increase for configuring PRACH resources or partitioning of ROs to indicate more than one capability of RedCap UEs can be substantial and the indication of some capabilities can be considered to be reported in Msg3.

There are advantages and disadvantages in identifying a RedCap UE either in Msg1 or in Msg3 in different scenarios. Thus, it is useful that a gNB can configure a capability report in Msg1 or in Msg3/A.

Proposal 1: A gNB can configure whether the capability report of a RedCap UE is in Msg1 or in Msg3/A. 

4 Indication for camping on the cell/frequency
The indication of whether a RedCap UE can camp on the cell/frequency or not may impact to the operation in RRC_IDLE. It seems then that RAN2 is the WG that should discuss this issue.
Observation 4: The indication of whether a RedCap UE can camp on the cell/frequency or not can be discussed in RAN2 considering that idle mode operations are defined in RAN2 specifications.
5 Conclusion
This contribution discusses RAN1 aspects of RAN2-led features for RedCap UEs. The observations made in this contribution are summarized as below:

Observation 1: RedCap UE capabilities include the number of RX branches.
Observation 2: If identification of a RedCap UE in Msg1 is supported, UL bandwidth during initial access can be included in the set of UE capabilities. 
Observation 3: The overhead increase for configuring PRACH resources or partitioning of ROs to indicate more than one capability of RedCap UEs can be substantial and the indication of some capabilities can be considered to be reported in Msg3.

Proposal 1: A gNB can configure whether the capability report of a RedCap UE is in Msg1 or in Msg3/A. 

Observation 4: The indication of whether a RedCap UE can camp on the cell/frequency or not can be discussed in RAN2 considering that idle mode operations are defined in RAN2 specifications.
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