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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 RAN1 aspects for RAN2-led features for RedCap related to the above objectives. 
2 Identification for RedCap UEs
The following WA was agreed in RAN1#105-e.

	Working assumption:

· 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

· FFS How to support enable/disable the early indication

· FFS details e.g.:

· separate initial UL BWP

· separate PRACH resource

· PRACH preamble partitioning

· FFS the possibility of supporting Msg3 for the early indication 




When early identification of a RedCap UE is done in Msg1, separate PRACH resources, PRACH preamble partitioning or separate initial UL BWPs 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. 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 the UL bandwidth after initial access. It needs to be considered that the overhead increase for configuring separate PRACH resources or partitioning PRACH preambles to indicate one or more capabilities of RedCap UEs can be substantial and the identification of some RedCap capabilities can be done in Msg3.  
When early identification of a RedCap UE is done in Msg3 or MsgA PUSCH, 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 1: The overhead increase for configuring separate PRACH resources or partitioning PRACH preambles to indicate one or more capabilities of RedCap UEs can be substantial and some capabilities can be considered to be identified in Msg3.

In order to avoid an overhead increase that is needed for a RedCap UE identification in Msg1, early identification in Msg1 can be disabled and identification can be done in Msg3. It is also possible to reduce the overhead by identifying some RedCap UE capabilities in Msg1 and some others in Msg3. Thus, we support the WA with a change that adds RedCap UE identification in Msg3.
Proposal 1: For 4-step RACH, support early identification of RedCap UEs in Msg1 and in Msg3

· Early identification can be configured to be in Msg1 or in Msg3, or different capabilities of a RedCap UE can be identified in Msg1 and Msg3.

Regarding whether separate PRACH preambles or PRACH resources are associated to RedCap UEs, one consideration is that separate ROs (configured by a new PRACH configuration index) impact the regular RACH procedure in the sense that a gNB needs to accommodate multiple SSB-RO mapping patterns, including the association of beams to the RO configuration. The use of separate PRACH preambles is preferable since it does not affect the Rel-15/16 SSB-RO association.  
Proposal 2: Support separate PRACH preambles for early identification of a RedCap UE in Msg1.
The motivation to use Msg 1 for early identification of a RedCap UE is to let gNB identify and handle RedCap UEs from non-RedCap UEs as early as possible. The gNB will send a RAR in PDSCH scheduled by PDCCH in CSS for RAR. RedCap UEs might have a single antenna, which will result in poor DL performance. In this case, larger PDCCH AL and lower MCS for PDSCH carrying RAR might be needed. This might cause collision problems for CSS. If an initial DL BWP for RedCap UEs can be configured separately, and the UE can use this separate initial DL BWP for initial access, then CSS can be configured separately together with separate initial DL BWP for RedCap UEs.  Even more, for the cases that RedCap UEs and non-RedCap UEs share same initial DL BWP, a separated CSS for RAR/Msg3 retransmission/Msg 4 can be configured to be different from the one for non-RedCap UEs (if configured). The gNB can use larger AL and lower MCS to overcome the DL performance loss due to the potential reduction of the number of Rx antennas for RedCap UEs. When RedCap UEs and non-RedCap UEs always share the same CSS and are multiplexed in the same RAR, the benefit of early identification of a RedCap UE in Msg 1 cannot be exploited comparing with early identification in Msg 3.  
Proposal 3: Support separate CSS for PDCCH during initial access even when the same initial DL BWP for RedCap and non-RedCap UEs is used. 
3 2-step RACH
The following agreement was agreed in RAN1#105-e.

	Agreement:
· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles

· Separation of initial UL BWP

· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritised


For early indication in 2-step RACH, considering that RAN1 agreed to prioritize 4-step RACH for early indication, it is suggested to further discuss the details of using separate PRACH resources or partitioning of MsgA preambles or separate initial UL BWPs after the agreements for 4-step RACH and strive for common solutions.
Proposal 4: Finalize early indication for 2-step RACH after mechanisms for 4-step RACH are agreed.
4 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: The overhead increase for configuring separate PRACH resources or partitioning PRACH preambles to indicate one or more capabilities of RedCap UEs can be substantial and some capabilities can be considered to be identified in Msg3.

Proposal 1: For 4-step RACH, support early identification of RedCap UEs in Msg1 and in Msg3

· Early identification can be configured to be in Msg1 or in Msg3, or different capabilities of a RedCap UE can be identified in Msg1 and Msg3.

Proposal 2: Support separate PRACH preambles for early identification of a RedCap UE in Msg1.
Proposal 3: Support separate CSS for PDCCH during initial access even when the same initial DL BWP for RedCap and non-RedCap UEs is used. 

Proposal 4: Finalize early indication for 2-step RACH after mechanisms for 4-step RACH are agreed.
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