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1. [bookmark: _Toc120549591]Introduction
In RAN1#106e, the following agreements related to RedCap UE type definition and early identification are made[1],
Agreement
· 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
Agreement
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.

In RAN1#105e, agreements related to 2-step RACH were made as following[2],
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
In this contribution, higher layer aspects such as RedCap UE type definition, UE early identification are discussed.
2. Discussion on definition of RedCap UE type
To our understanding, the definition of RedCap UE type is to differentiate it from non-RedCap devices, and give a picture of key capabilities that RedCap devices support. As the WID describes, the motivation for RedCap UE type definition is ”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.” To constrain the use of those RedCap capabilities only for RedCap UEs and prevent RedCap UEs from using capabilities not intented for them, it should be clear enough that what RedCap capabilities they are supposed to use for RedCap UEs. So the minimum set of the reduced capabilities that characterize RedCap devices should be included in the type definition, including the following features described in the WID,
· Reduced maximum UE bandwidth: the maximum UE bandwidth is 20 MHz for FR1 and 100 MHz for FR2
· Reduced minimum number of Rx branches: the minimum number is 1Rx, the specification also supports 2Rx;
· Maximum number of DL MIMO layers: 1 DL MIMO layer for 1Rx branch, 2 DL MIMO layer for 2Rx branches.
· Relaxed maximum modulation order: support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· Half-duplex FDD: HD-FDD type A, FD-FDD and TDD are also supported;
According to the agreements made in RAN1#106e, the following capabilities to RedCap UE type description are proposed to be captured,
· 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

Proposal 1: Capture 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

3. Discussion on early indication of RedCap UE
Early indication of RedCap UEs in Msg1 is supported for 4-step RACH, the early indication can be enabled or disabled by SIB1 through separate PRACH resources or separate preambles. For 2-step RACH, RAN1 has agreed to support 2-step RACH for RedCap UEs as an optional feature, but the discussion of early identification is delayed due to its lower priority.
During RAN2#115e, the following agreements were made[3], 
Agreements:
1. Msg1 identification which can be configured to be enabled/disabled can be specified from RAN2 point of view.
2. Solution for early identification for 2-step RACH will be specified.
3. Specify separate indications in SIB1 for barring RedCap UEs with 1 Rx chain and 2 Rx chains.
4. Specify a RedCap specific IFRI in SIB1.

According to the agreement, solution for early identification for 2-step RACH will be specified. By early identification of RedCap UEs in MsgA, gNB can adopt proper scheduling strategy for MsgB, and improve system efficiency. We think common solution for both 4-step and 2-step RACH is desirable. And considering that the transmission of MsgA preamble part is more robust than PUSCH part, it is proposed to use MsgA preamble part for early identification of RedCap UEs. And similar as the agreements of 4-step RACH, 
· The early identification can be configured to enabled/disabled via SIB.
· Early identification of RedCap UEs can be realized by separate PRACH resource or PRACH preamble partitioning.
Proposal 2: For 2-step RACH, support the early indication of RedCap UEs at least in MsgA preamble part.
Proposal 3: Early identification of RedCap for 2-step RACH can be configured to enabled/disabled via SIB.
Proposal 4: 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

4. Conclusions
In this contribution, considerations on higher layer aspects such as RedCap UE type definition, UE early identification are discussed, and the following observation and proposals are made.
Proposal 1: Capture 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
Proposal 2: For 2-step RACH, support the early indication of RedCap UEs at least in MsgA preamble part.
Proposal 3: Early identification of RedCap for 2-step RACH can be configured to enabled/disabled via SIB.
Proposal 4: 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
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