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Reduced capability (RedCap) UEs in NR are currently being studied. Use cases for Redcap include industrial wireless sensors, video surveillance, and wearables. The main motivation for RedCap UEs is cost reduction compared to a URLLC/eMBB UE, but some use cases will also benefit from battery life improvement and device size reduction. The intention is to study a UE feature and parameter list with lower end capabilities, supporting FR1/FR2 bands for FDD and TDD.
RAN1 started the discussion on power savings for RedCap at RAN1#101-e and how to identify RedCap UEs. The following agreement was reached:
· Further study the options for identification of RedCap UEs, including at least the following indication methods:
· Opt. 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
· Opt. 2: During Msg3 transmission. 
· Opt. 3: Post Msg4 acknowledgment. 
· E.g., during Msg5 transmission or part of UE capability reporting.
· Opt. 4: During MsgA transmission (subject to support of if 2-step RACH)
· Other options are not precluded.
· Note: This study intends to establish feasibility of, and pros and cons for the identified options from RAN1 perspective, without any intention of down-selection without guidance from RAN2.
In this contribution, we discuss these options and make some recommendations.

Discussion
One of the main factors to take into account when choosing an option is the amount of compensation needed to maintain coverage. In our analysis [1], we show that there are some cases where there might be a slight degradation for Msg 3, which would favor Option 1.
Identification during Msg 1
Msg 1 transmission is the first message that is sent by the UE when RACH-ing. With option 1, the UE is immediately identified as a RedCap UE. In [1] the analysis shows that for some cases, there is a slight degradation for Msg 3. This depends whether MCL or MIL is used as the metric. Should the group decide to address this slight degradation, Option 1 would be the preferred option.
From the discussion at RAN1#102-e, three sub-options are possible:
· Option 1a: RedCap identification by PRACH preamble partitioning
· Option 1b: RedCap identification by the use of separate RACH resource
· Option 1c: RedCap identification by the use of a separate initial UL BWP
It is noted that option 1b and option 1c may have a scaling problem: they both require to provision separate resources for RedCap UEs and regular UEs. One problem arises when there are only few RedCap UEs. Options 1b and 1c require reserving time-frequency resources for the RACH. If a few RedCap UEs are present, there are too many resources reserved for RedCap UEs. If in the meantime, there are a lot of non-RedCap UEs, these UEs could benefit from transmitting on the RACH resources for the RedCap UEs. Consequently, it is better to pool RACH between RedCap and non-RedCap UEs.
Observation 1: it is better to pool RACH resources between RedCap and non-RedCap UEs.
Option 1a, on the other hand, does not have this issue: the number of preambles assigned for RedCap/non-RedCap UEs can be configured (e.g., using a SIB) according to the observed traffic. In addition, this was a solution used for LTE-M, thus most of the existing signaling can be reused with simple modification. 
Proposal 1: Similar to LTE-M, PRACH preamble partitioning is used for RedCap identification

Identification during Msg 3
Another solution is to indicate during Msg 3 if the UE is RedCap. A RedCap UE sends the RACH preamble in Msg 1, receives the response from the gNB in Msg 2, then indicates it is a RedCap UE in Msg 3. This solution is possible only if RAN1 decides that no compensation is needed for Msg 3 for RedCap UEs.
This solution does not have the problem of Option 1b or 1c since the RACH resources for RedCap and non-RedCap UEs are pooled together. Note however that the RedCap identification is after receiving Msg 2, which puts constraints on the search space in which the PDCCH for Msg 2 is received. Note also that the number of antennas for RedCap is reduced, compared with the number of antennas of a non-RedCap UE (from 4 to 2 or 1). This might cause link budget constraints on the RedCap UE. 
[bookmark: _Hlk53582336][bookmark: _Ref129681832]Proposal 2: RedCap identification in Msg 3 can be considered if RAN1 decides that no compensation for coverage is needed for Msg 3
Identification post Msg 4
A solution that was described was to have identification post Msg 4. This, is essence, would mean that the identification as a RedCap UE is a feature. Just like Msg 3 identification, this solution can only be considered if no compensation is needed. In addition, it poses restrictions on the search space used for receiving Msg 4. RedCap identification also happens later than with options 1 and 2. If these issues are acceptable, this solution has the advantage of treating RedCap UEs and regular UEs are basically treated the same way during initial access.
Two-step RACH
Option 4 considers the two-step RACH procedure, and suggests identifying the RedCap UE in Msg A. While no decision has been made to support two-step RACH by RAN2, if it is supported, option 4 is conceptually similar to option 1c. In addition, it does not have the potential overprovisioning RACH resources problem. Thus, pending on RAN2 decision to support two-step RACH, this option can be considered.
Proposal 3: If two-step RACH is supported, RedCap identification in Msg A can be considered
Conclusions
RedCap identification was discussed. Our observation and proposals are as follows:
Observation 1: it is better to pool RACH resources between RedCap and non-RedCap UEs.
Proposal 1: Similar to LTE-M, PRACH preamble partitioning is used for RedCap identification
Proposal 2: RedCap identification in Msg 3 can be considered if RAN1 decides that no compensation for coverage is needed for Msg 3
Proposal 3: If two-step RACH is supported, RedCap identification in Msg A can be considered
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