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1. Introduction

In RAN1#103-e, the identification of RedCap UE was discussed, and the following agreements were made [1].
Agreements:

· As a next step, for the study on the options for RedCap UE identification during RAN1 #103-e meeting, RAN1 to focus on establishing feasibility, necessity, and identifying pros and cons for the following schemes:

· 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.

Agreements:

· Considerations on Option 4 (during MsgA transmission) are deprioritized until further progress is made on Options 1 and 2 for 4-step RACH procedure.
Agreements:

· Observation: Identification of RedCap UE type(s) during transmission of Msg1 could be feasible from the perspective of RAN1, at least for the following solutions:

· Separation of PRACH resources (e.g., occasions and/or formats) or PRACH preambles between RedCap and non-RedCap UEs

· Separation of initial UL BWP for RedCap and non-RedCap UEs 

· Note: The appropriateness of each solution, considering the number of UE type(s) to be indicated, etc. needs further considerations.

Agreements:

· Observation: Identification of RedCap UE type(s) during transmission of Msg5 or as part of UE capability reporting are feasible options from the perspective of RAN1
Agreements:

· Observation: If early identification of RedCap UE type(s) via Options 1, 2, or 4 are not supported, then RedCap UE type(s) need to be identified either during transmission of Msg5 or as part of UE capability reporting.
Agreements:

· Observation: Early identification of RedCap UE type(s) during transmission of Msg1 may be necessary for:
· coverage recovery (including link adaptation) for one or more of: Msg2 PDCCH/PDSCH, Msg3 PUSCH and PDCCH scheduling Msg3 reTx, Msg4 PDCCH/PDSCH or PUCCH in response to Msg4, Msg5 PUSCH and associated PDCCH, if it is determined that coverage recovery for RedCap UEs is necessary for one of more of these channels;
· identifying UE minimum processing times capabilities for PDSCH processing and PUSCH preparation, if relaxations to UE min processing times are defined for N1 and N2;
· identifying UE capability for UL modulation order for Msg3 and Msg5 scheduling, if relaxations to max UL modulation order (i.e., UL modulation order restricted to lower than 64QAM) are introduced;
· identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4.
· Note: Exact necessity depends on outcome of studies on UE cost/complexity reduction in AI 8.6.1 and Coverage Recovery in AI 8.6.3, and the SI on Coverage Enhancements.  
Agreements:

· Observation: Identification of RedCap UE type(s) during transmission of Msg3 may be feasible from the perspective of RAN1, at least for the following solutions:
· Using the spare bit in existing Msg3 definition
· Extending the Msg3 size to carry additional one or more bits, indicating RedCap UE type(s)
· Note: The appropriateness and feasibility of each solution, considering the number of UE type(s) to be indicated, coverage performance for Msg3, etc. need further considerations from RAN2 and RAN1.
Agreements:

· Observation: If early identification of RedCap UE type(s) via Option 1 is not supported, identification of RedCap UE type(s) during transmission of Msg3 may be necessary for coverage recovery (including link adaptation) for one or more of: Msg4 PDCCH/PDSCH, Msg5 PUSCH and associated PDCCH
· Note: Exact necessity depends on outcome of studies on Coverage Recovery in AI 8.6.3
In RAN1#103-e meeting, the pros and cons are identified for the schemes 1-3. In this contribution, the identification of RedCap UE are further discussed, and our views are provided.
2. Discussion
2.1. Identification of RedCap UEs
During last meeting, the issue on identification of RedCap UEs was discussed. The following options for identification of RedCap UEs are identified and studied.

· 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.

During initial random access procedure, the RedCap UE can receive the RAR and Msg4 within the initial DL BWP configured for normal NR UEs. In WID of RedCap [2], 20 MHz and 100MHz maximum bandwidth of a RedCap UE during and after initial access are supported for FR1 and FR2, respectively. For the case of 20MHz bandwidth capability in FR1 and 100MHz bandwidth capability in FR2, RedCap UE has no limitation on the SSB detection, system information acquisition and reception of RAR and Msg4, since the maximum bandwidth is larger than CORESET#0 configured by MIB or SIB1. 

It is observed and agreed that early identification of RedCap UE type(s) during transmission of Msg1 may be necessary for identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4 [1]. For the RAR UL grant of Msg3 transmission, frequency domain resource is assigned within the lowest 180 RBs of initial UL bandwidth part, if initial UL bandwidth part is configured by gNB. If gNB does not identify RedCap UE with 20 MHz maximum bandwidth in FR1 during Msg1 transmission, the scheduled frequency domain resource of Msg3 may exceed the 20MHz maximum bandwidth of a RedCap UE, which results in the failure of Msg3 transmission. For Msg3 transmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the frequency domain resource is assigned within initial UL bandwidth part. The scheduled frequency domain resource of Msg3 may also exceed the 20MHz maximum bandwidth of a RedCap UE. From the perspective of frequency domain resource assignment of Msg3, RedCap UE should be identified by gNB before Msg3 transmission, that is, during Msg1 transmission.
Observation 1: RedCap UE should be identified by gNB before Msg3 scheduling, to avoid the assigned frequency domain resource exceeding the maximum bandwidth of the RedCap UE.
As described in WID [2], 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. 2 Rx branches for a RedCap UE in these bands is also supported. For frequency bands where a legacy NR 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 will be decided at RAN#91e. During initial random access procedure, gNB may schedule RAR transmission for multiple UEs, which includes RedCap and normal UE. The RedCap UE has reduced RX antenna number and lower antenna gain. If RedCap UE is identified by Msg1 transmission, gNB can schedule RAR and Msg4 for RedCap UEs with suitable MCS and physical resources, which may improve their performance. Otherwise, if RAR for mixed RedCap and normal UEs is scheduled, a conservative way is to guarantee the performance the RedCap UE with the assumption of reduced RX antenna number and lower antenna gain. The physical resources for RAR transmission will not be used efficiently.  
Observation 2: The resource assignment of RAR will be not efficient if the RAR is oriented to both RedCap and normal UEs. 
However, separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning will reduce the utilization efficiency of PRACH resource. This is observed as cons of option 1 during RAN1#103-e [1]. If RedCap UE is identified by Msg3, RAR transmission cannot be optimized for RedCap UE. The identification by Msg3 will have no impacts on PRACH resource configuration. Normal and RedCap UE can share the same PRACH resource, preamble and UL initial BWP. The PRACH resource can be used efficiently.
Observation 3: Identification of RedCap UEs by Msg1 will reduce the utilization efficiency of PRACH resource.
Based on the above observation 1-3, at least option 1 of RedCap identification should be supported for the right scheduling of Msg3 transmission. For option 2, it can be used to carry further identification indication in Msg3, if needed, to reduce the further partition of PRACH resource between normal and RedCap UE. For example, if multiple number of reduced Rx antenna ports are supported by RedCap UE, the information of Rx antenna ports number indicated in Msg3 will benefit the scheduling of Msg4 transmission by gNB.
Proposal 1: At least Msg1 is used for the identification of RedCap UE. 
Proposal 2: Msg3 for further identification of RedCap UE is FFS.

2.2. Msg3 scheduling of RedCap UEs
It is observed and agreed that early identification of RedCap UE type(s) during transmission of Msg1 may be necessary for identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4 [1].
As described in WID [2], reduced maximum UE bandwidth should be specified for RedCap UE. 
· Specify support for the following UE complexity reduction features [RAN1, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
For the RAR UL grant of Msg3 transmission, frequency domain resource is assigned within the lowest 180 RBs of initial UL bandwidth part, if initial UL bandwidth part is configured by gNB. For Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the frequency domain resource is assigned within initial UL bandwidth part. The scheduled frequency domain resource of Msg3 may also exceed the 20MHz maximum bandwidth in FR1 or 100MHz maximum bandwidth in FR2 of a RedCap UE. If the bandwidth of configured initial UL bandwidth part exceeds the maximum bandwidth of RedCap UE, the actual frequency domain resource assignment range for RedCap UE should be within the bandwidth of 20MHz for FR1 or 100MHz maximum bandwidth for FR2. The 20MHz should be contained in the configured initial UL bandwidth part. As shown in figure 1, the frequency resource assignment for RedCap UE within initial UL BWP is the lowest frequency part and up to the maximum bandwidth of RedCap UE. 
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Figure 1 Frequency resource assignment for RedCap UE within initial UL BWP
As discussed above, we have the following proposal for Msg3 scheduling. 
Proposal 3: The frequency domain resource assignment of Msg3 scheduling should be confined tomaximum bandwidth of any RedCap UE contained in the lowest frequency part of the initial UL BWP.

3. Conclusions
In this contribution, the issues on the identification of RedCap UE and Msg3 scheduling are discussed. The following are observed and proposed.

Observation 1: RedCap UE should be identified by gNB before Msg3 scheduling, to avoid the assigned frequency domain resource exceeding the maximum bandwidth of the RedCap UE.

Observation 2: The resource assignment of RAR will be not efficient if the RAR is oriented to both RedCap and normal UEs. 

Observation 3: Identification of RedCap UEs by Msg1 will reduce the utilization efficiency of PRACH resource.
Proposal 1: At least Msg1 is used for the identification of RedCap UE. 

Proposal 2: Msg3 for further identification of RedCap UE is FFS.

Proposal 3: The frequency domain resource assignment of Msg3 scheduling should be confined tomaximum bandwidth of any RedCap UE contained in the lowest frequency part of the initial UL BWP.
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