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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The WID was further updated in RAN#92-e [2]. The RAN1 leading features to be specified are listed as follows. 
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)


RAN2 leading features are also included in the WID, e.g, eDRX enhancement and RRM relaxation. Still, the coverage, power and cost may be further enhanced or reduced with practical implementation or minor change on current specification, which will be discussed in this paper.

Discussion
Combination between RedCap and Other features
In the WID, it is recorded that the Rel-17 uplink coverage enhancement (CE) solutions specified in NR_cov_enh WI can also be used by RedCap UE, aiming at the coverage improvement of PUSCH, PUCCH and Msg3.
	· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 


It is not surprising for a RedCap UE to support Rel-17 CE functions, due to the reduced number of Rx branches and the small form factor. Typically, both the downlink and uplink coverage of RedCap UE are worse than the normal NR UE. However, early indication of RedCap UE during Msg1 and early indication of CE (for requesting Msg3 repetition) during Msg1 are required by the corresponding feature respectively. In fact, other than RedCap and CE, some other features are also involved, e.g. small data transmission (SDT) and RAN slicing, which are leaded by RAN2. This makes RACH partitioning in Rel-17 more complicated than ever.
In RAN2#115-e, RAN2 jointly discussed RACH indication and partitioning for all topics. The following agreements were reached [3].
	Agreements:
1.	Preamble partitioning is defined on a feature and/or feature combination basis. FFS on signalling. 2step RA and CE is excluded, if RAN1 decided to exclude
2.	Preambles associated with a Rel-17 feature should never be chosen by legacy UEs in the case of RO sharing.  
3.	New feature and/ feature combination specific preambles can be defined in a) Separate time-frequency resources, not defined through legacy RRC signalling, b) Within the Contention free preamble resources (i.e. within the preambles not used for contention based) defined through legacy RRC signalling.  FFS on c) Within the “not available” preambles defined at the end of a RO through the legacy  totalNumberOfRA-Preambles
4.	A common RRC CR capturing the signalling framework for RACH resource configuration across all the WIs should be used and this CR should be maintained as part of the common RACH agenda item. Each WI is expected to provide the necessary parameters to include in the signalling.
5.	A common MAC CR capturing the changes to sections 5.1.1 and section 5.1.1a of the MAC spec can also be considered and if agreeable, this CR should also be maintained as part of the common RACH agenda item.
6.	As a baseline, the RA procedure design for Rel-17 should adhere to the following general principles: 
a: Carrier selection (between NUL/SUL) should happen ahead of the initial RACH resource selection (i.e. feature combination is not considered in carrier selection).   
b: Initial RACH resource should be selected based on the selected carrier for the selected feature combination (i.e., selected slice, SDT or not, REDCAP or not etc). Only the RACH resource matching the feature and/or feature combination of current RACH procedure will be considered as available in the RACH resource selection.
c: As a general rule, all RACH retransmissions (if any are needed, until RACH failure happens) shall be performed over the same RACH resources (and same carrier – NUL/SUL) as the one selected for initial RACH resource.  However, we can discuss fallback on a case by case basis if there is a strong motivation and discuss them together in this AI.


From the above agreements, a specific preamble/RO partitioning can be defined on a feature combination basis. To enable adopting CE features to RedCap, a combination of {‘RedCap’, ‘Coverage enhancement (Msg3 repetition)’} should be considered to reflect the requirement of RedCap WID. Besides, considering that 4-step RACH should be mandated while 2-step RACH is optional, a combination of {‘4-step RACH’, ‘RedCap’, ‘Coverage enhancement (Msg3 repetition)’} should be supported. The detailed signaling can be up to RAN2.
Proposal 1: At least a feature combination of {‘4-step RACH’, ‘RedCap’, ‘Coverage enhancement (Msg3 repetition)’} should be supported in RACH indication and partitioning.
Proposal 2: Detailed signaling is up to RAN2 decision.

Further cost reduction by reducing the maximum value of parameters
The WID also states that the UE capabilities and RRC parameters may be updated for RedCap UE.
	· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331). [RAN2]


It is understandable that the standard of UE capabilities and RRC parameters may be updated to support RedCap UE features, e.g. reporting the number of Rx branches, or configuring RedCap-dedicated initial DL/UL BWPs. This can be discussed in a later phase when most of the RAN1/RAN2 design is finished.
Furthermore, considering that the RedCap UE has typically less number of Rx branches and lower processing capability, it may be feasible to reduce some of the maximum value of parameters for RedCap to achieve further cost reduction. Such parameters include, e.g. the maximum number of CSI-RS resources, the maximum number of measurement objects, the maximum number of different DCI size, etc. This may reduce the buffer and processing requirement, and thus reduce the cost of baseband circuit. 
Having said this, we have the following observation:
Observation 1: The cost of RedCap UE may be further reduced by reducing the maximum value of parameters.

Conclusion
In this contribution, we provide our view on remaining issues of RedCap UE. The observation and proposals are summarized as follows:
Observation 1: The cost of RedCap UE may be further reduced by reducing the maximum value of parameters.
Proposal 1: At least a feature combination of {‘4-step RACH’, ‘RedCap’, ‘Coverage enhancement (Msg3 repetition)’} should be supported in RACH indication and partitioning.
Proposal 2: Detailed signaling is up to RAN2 decision.
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