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1. Introduction

In RAN1#106bis-e, the following working assumption and agreements were agreed [1]. 
Agreement
It is up to RAN2 for PRACH preamble partitioning for Msg1-based early indication.
In this contribution, the remaining RAN1 aspects for RAN2-led features for RedCap are discussed.
2. Discussion
2.1. Early indication in 2-step RACH

RAN2 #115-e Meeting made the following agreement for Msg1-based and Msg3-based early identification: 

Agreements:
· Msg1 identification which can be configured to be enabled/disabled can be specified from RAN2 point of view.

Agreements online:

A Msg3 early identification based on dedicated LCID is supported (if SA3 confirms there is no problem)
In last RAN1 meeting, the support of early indication by MsgA PUSCH was discussed. Since RAN2 has agreed the early indication in Msg3 by indicating CCCH using the RedCap-specific LCID, we think the same mechanism can also allow the early indication in MsgA PUSCH. In our view, it is more desirable to alleviate PRACH partitioning in 2-step RACH case than in 4-step RACH case. Since early indication in Msg3 is accepted, it is natural and feasible that early indication in MsgA PUSCH is also supported.
The early indication by MsgA PUSCH can be up to RAN2 determination. Alternatively, RAN1 can discuss whether and how to support the same mechanism of early indication for both Msg3 and MsgA PUSCH, and send LS to RAN2 for information. Either way can be considered.

 Proposal 1: Early indication of RedCap Ues in MsgA PUSCH is supported.
For early indication by MsgA PRACH, in RAN1 perspective, we are fine with Alt1 of the following proposal summarized in [2].

· Alt.1: For 2-step RACH, support the early indication of RedCap UEs at least in MsgA PRACH.

· The early indication in MsgA PRACH can be configured to be enabled/disabled via SIB
· 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 MsgA PRACH resource

· MsgA PRACH preamble partitioning

· Alt.2: Early indication of RedCap UEs in MsgA PRACH is NOT supported. 

Proposal 2: For 2-step RACH, support the early indication of RedCap UEs at least in MsgA PRACH. 

· The early indication in MsgA PRACH can be configured to be enabled/disabled via SIB

· From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP

· separate MsgA PRACH resource

· MsgA PRACH preamble partitioning
2.2. Early indication in 4-step RACH

Msg1 and Msg3 based early indication for 4-step RACH have been agreed during previous meetings. Msg1 based early indication can be enabled/disabled by SIB. Consider there are two methods of earlier indication during RACH procedure, it is worth to clarify how to configure the two methods, Msg1 and Msg3 based, for early indication. 
Some options were raised and discussed in last meeting [2]. In our understanding, the following options are summarized for further discussion.
Option 1:
· The enable/disable of early identification of RedCap Ues in Msg1 is implicitly signaled by whether separate RACH resource is configured for RedCap UEs.

· If separate RACH resource for RedCap UEs is configured, early indication of RedCap UE in Msg1 is used. In this case, early indication of RedCap UE in Msg3 is not used.
· If separate RACH resource for RedCap UEs is not configured, early indication of RedCap UE in Msg1 is not used. Early indication of RedCap UE in Msg3 is used.
Option 2:
· Msg 1 and Msg 3 based early indication of RedCap UE can be configured to be enabled/disabled via SIB separately. 
· Msg1 based early indication can be enabled/disabled implicitly based on whether separate RACH resource for RedCap UEs are configured.
Option 3:
· Msg 3 based early indication of RedCap UE is used regardless of whether Msg1 based early indication of RedCap UE is signaled or not.
· Duplicated early indication in Msg1 and Msg3
· Separate early indication in Msg1 and Msg3, e.g. other capability indication in Msg3
For option 1, the configuration of Msg1 and Msg3 based early indication is based on whether separate RACH resource for RedCap UEs is configured. If separate RACH resource for RedCap UEs is not configured considering PRACH resource efficiency, early indication in Msg3 is available, since early indication in Msg3 has no requirement on PRACH resource partitioning. Therefore, early indication of RedCap UEs is always used, by Msg1 or Msg3. 
For option 2, Msg 1 and Msg 3 based early indication of RedCap UE can be separately enabled/disabled. Explicit signaling may be needed for the purpose, besides separate RACH resource for RedCap UEs configuration. The explicit signaling configures one, both or none of the Msg 1 and Msg 3 based early indication of RedCap UE. 
For option 3, Msg 3 based early indication of RedCap UE is always used. Early indication in Msg3 is always available, since early indication in Msg3 has no requirement on separate PRACH resource. Msg 3 can indicate same or different information for RedCap UEs with Msg 1. 
In our view, option 1 configures Msg1 and Msg3 based early indication implicitly. Beside the necessary signaling for separate RACH resource for Msg1 based early indication, no signaling is needed. Option 2 configures Msg1 and Msg3 based early indication explicitly. Additional signaling is needed to configure the two early indication methods separately. Option 3 allows Msg 3 based early indication of RedCap UE is always used. It alleviates the PRACH resource partitioning of Msg 1 based early indication. The difference between option 1 and 3 is whether Msg 3 based early indication is used when separate RACH resource for RedCap UEs is configured. From RAN1 perspective, Msg 3 based early indication has no additional cost to be used in parallel with Msg1 based early indication. However, it should be further justified that same or separate early indication in Msg1 and Msg3 are beneficial. 
In summary, from perspective of signaling overhead, complexity and cost, option 1 is preferred.
Proposal 3: The enable/disable of early identification of RedCap UEs in Msg1 is implicitly signaled by whether separate RACH resource is configured for RedCap UEs.
Proposal 4: The support of Msg 3 based early indication is based on whether separate RACH resource for RedCap UEs is configured.
2.3. Measurement related issues by reduced number of Rx branches
In our previous contributions, the measurement related issues caused by reduced number of Rx branches are identified. They will have impacts on the RRC parameters configuration. This section discusses possible impacts on the measurement related RRC parameters configuration, and LS to RAN2 is proposed. 

In Rel-15, when UE initiates random access procedure, it will select an SSB whose RSRP is above rsrp-ThresholdSSB. The SSB thresholds are configured assuming a legacy NR UE is required to be equipped with a minimum of 4 or 2 Rx antenna ports for respective frequency bands.
For the RedCap UEs, the minimum number of Rx branches supported is 1 for frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 or 2 Rx antenna ports. The antenna gain will be lost with reduced number of Rx branches. For RedCap UEs, the results of RSRP measurement on SSB will degrade compared to that of legacy NR UEs. If RedCap UEs reuse the same threshold as legacy NR UEs for SSB selection, it is possible that none of the measured SSB RSRP of RedCap UEs can satisfy the threshold. In this case, RedCap UEs may select the SSB with best SSB RSRP, which is up to UE implementation. Or the coverage of a cell is equivalently smaller for RedCap UEs. However, it is desired to follow the same mechanism as legacy NR UE for SSB selection, which allows gNB to configure a RSRP threshold specific for RedCap UEs for SSB selection, and PRACH resource determination. The RSRP threshold specific for RedCap UEs should be relaxed considering the reduced number of Rx branches.

Proposal 5: A relaxed RSRP thresholds is used for RedCap UEs to select SSB for performing random access. 

For other measurement related procedure, currently network configures measurement related thresholds for legacy UEs assuming they are equipped with a minimum of 2 or 4 Rx antenna ports for specific frequency bands. For RedCap UEs with reduced Rx branches number, minimum number Rx antenna ports is reduced to 1 for frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 or 2 Rx antenna ports. It is not feasible that RedCap UEs reuse the same threshold configured for legacy NR UEs for measurement related procedure, since RedCap UEs has lower Rx antenna gain for measurement. The behavior of RedCap UEs triggered by measurement results may not be optimized accordingly. The corresponding threshold specifically for RedCap UE should also be relaxed.

For RedCap UEs with reduced Rx branches number, it is proposed to configure measurement related thresholds specifically for RedCap UEs. The detailed parameters that should be separately configured for RedCap UEs can be identified further in RAN2. RAN1 can send a LS to inform RAN2 about this issue caused by reduced Rx branches number, which can trigger the corresponding discussion in RAN2.

Proposal 6: Other measurement related thresholds are configured specifically for RedCap UEs with reduced Rx branches number. 
Proposal 7: LS is sent to RAN2 to inform the observed measurement related issues by reduced number of Rx branches.

2.4. Definition of RedCap UE type
During RAN1#106bis-e, the definition of RedCap UE type was discussed, and the following proposal was summarized by FL in [2].
· Alt.2: Leave ‘Redcap Device Type’ definition to UE features of Redcap AI. 

· Note that: UE features that are defined as part of ‘Basic feature group’ for Redcap are included in the ‘Redcap Device Type’ definition. 

We general OK with the proposal. A companion contribution for AI 8.16.6 is raised in this meeting for Rel-17 RedCap UE features discussion [3].
One exception could be RedCap UE duplex capability.

When UE is into the initial access, it was also mentioned some case will results in overlapped DL and UL in UE side, if gNB assume it is an FD-HDD UE. Then, gNB would be better to identify “temporally” that RedCap UE as HD-FDD in the beginning of initial access. 

We consider that HD-FDD can be naturally bundled into the RedCap UE type as minimum set of reduced capabilities. A HD-FDD or FD-FDD capability can be reported by UE in later stage independently.

So, this issue is not a simple UE feature issue and should be identified as earlier as possible.

Proposal 8: The HD-FDD capability of RedCap UE should be identifiable in the RedCap UE type by gNB during the initial access. 
3. Conclusions
In this contribution, the remaining RAN1 aspects for RAN2-led features for RedCap are discussed. The following are proposed.

Proposal 1: Early indication of RedCap Ues in MsgA PUSCH is supported.
Proposal 2: For 2-step RACH, support the early indication of RedCap UEs at least in MsgA PRACH. 

· The early indication in MsgA PRACH can be configured to be enabled/disabled via SIB

· From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP

· separate MsgA PRACH resource

· MsgA PRACH preamble partitioning
Proposal 3: The enable/disable of early identification of RedCap UEs in Msg1 is implicitly signaled by whether separate RACH resource is configured for RedCap UEs.
Proposal 4: The support of Msg 3 based early indication is based on whether separate RACH resource for RedCap UEs is configured.
Proposal 5: A relaxed RSRP thresholds is used for RedCap UEs to select SSB for performing random access. 

Proposal 6: Other measurement related thresholds are configured specifically for RedCap UEs with reduced Rx branches number. 
Proposal 7: LS is sent to RAN2 to inform the observed measurement related issues by reduced number of Rx branches.
Proposal 8: The HD-FDD capability of RedCap UE should be identifiable in the RedCap UE type by gNB during the initial access. 
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