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1. [bookmark: _Toc120549591]Introduction
In RAN1#103-e, the following agreements and conclusion related to identification of RedCap UEs are made [1],
Agreements:
· [bookmark: _Hlk54817168]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 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.
In this contribution, the feasibility, pros and cons are identified for early identification of RedCap UEs and proposals are given.
2. Discussion on early identification of RedCap UEs
1 
2 
Necessity of early identification
The necessity of early identification is analyzed from the perspective of link adaptation, the coexistence issue of RedCap UEs and legacy UEs, and access control. 
Link adaptation for one or more of: Msg2 PDCCH/PDSCH, Msg3 PUSCH and PDCCH scheduling Msg3 retransmission, Msg4 PDCCH/PDSCH or PUCCH in response to Msg4, Msg5 PUSCH and associated PDCCH, is beneficial for coverage performance of RedCap devices. According to evaluation of SI, the coverage of downlink channels is not limited compared to PUSCH, even if the number of Rx branches is reduces from 4 to 1. So no additional coverage enhancement solutions are need. The link adaption here means the network can choose more robust transmission schemes, such as ALs or MCS for above channels, if it finds the transmission schemes used for non-RedCap devices cannot guarantee the coverage performance of RedCap devices. To support this, early identification may be required.
With most existing configurations, RedCap UEs can coexist with legacy UEs and early identification is not required. For example, when maximum bandwidth of 20MHz is supposed for initial access, the initial access procedure for R15/16 UEs can be reused for RedCap devices, such as type0-PDCCH monitoring, SIB1 reception, and RACH procedure. The issue that the network configuration of RedCap UEs is incompatible with legacy UEs may happen when a larger initial BWP bandwidth than 20MHz is configured. If the network configuration is incompatible, the network needs to require RedCap UEs to perform early identification. 
Access control provides a method for network to ensure network performance. For example, when the network has concerns for the poor coverage performance or large resource consumption for RedCap devices, it can adopt access control to reject access for such devices and early identification can provide assistance information for this. 
For the above three motivations, the link adaption is only needed when no coverage redundancy for non-RedCap devices is planned for the deployment, and the coexistence issue only exists when the network has a reconfigured initial BWP that is larger than 20MHz. It has been observed in our practical deployment that a reconfigured 100MHz initial BWP will increase UE’s power consumption. Therefore, it is not a good configuration. When there is no coverage issue and the traffic load is low, the network can allow access of RedCap devices without recognizing them, the traditional random access procedure can be reused. So early identification should not be a mandatory feature, but only performed when indicated by the network. The network indication may be through explicit notification or configuring dedicate resources for RedCap UEs. 
Proposal 1: Early identification of RedCap UEs is performed only when the network indicates that early identification is required.
Based on the agreements in RAN1#103-e, the options for RedCap UE identification include during Msg1 transmission, during Msg3 transmission. Separate initial UL BWP is considered as one detail alternative for Msg.1. However, we think it is a different way as traditional Msg.1 identification such as separate PRACH resource and PRACH preamble partitioning. So we analyze them separately here. In the following, the feasibility, pros and cons of different options for RedCap UE identification are analyzed.
Early identification during Msg1 transmission
Separate PRACH resource
If RedCap UEs are configured the same initial UL BWP as legacy UEs, the occupied bandwidth of RedCap UEs should be restricted to be no more than maximum RedCap UE bandwidth. The identification during Msg1 transmission is realized via configuring separate PRACH resources for RedCap UEs in SIB1. In one case, gNB configures additional PRACH resources for RedCap UEs, which increases the reserved PRACH resource. For example, gNB configures additional PRACH resources for RedCap UEs with separate PRACH parameters, such as configuring subframe number with prach-ConfigurationIndex, the starting PRB of PRACH resources with msg1-FrequencyStart-r16 and the maximum FDM PRACH occasions with msg1-FDM-r16. In the other case, gNB divides original PRACH resources into two parts for RedCap UEs and legacy UEs respectively, which decreases the access capacity for legacy UEs.
When RedCap UEs and legacy UEs use different PRACH occasions, the RA-RNTI of two types of UEs is different. RedCap UEs and legacy UEs receive different RARs by monitoring type1 PDCCH with different RA-RNTIs. Then different scheduling schemes can be used for RedCap devices. The coexistence issues can be avoided with proper handling. 
Observation 1: Separate PRACH resource increases the reserved PRACH resource or decreases access capacity for legacy UEs.
PRACH preamble partitioning
The principle of PRACH preamble partitioning is dividing preambles associated with each RO. RedCap UEs congest for one part and legacy UEs congest for the other part. RedCap devices will receive different RARs from non-RedCap devices, and the three motivations can be satisfied. The total PRACH resource occupation does not increase but the available PRACH resources and access capacity for legacy UEs decrease.
Observation 2: PRACH preamble partitioning decreases access capacity for legacy UEs.
Early identification during Msg3 transmission
The spare bit in Msg3 and the extended bits in Msg3 can be used for identification, and reservation of additional resource is not needed. The disadvantages of Msg3 are that it can not solve the link adaption of Msg2 PDCCH/PDSCH and coexistence issues such as Msg.3 scheduling of frequency hopping out of 20MHz. However, this is not likely to happen in most cases. If extended Msg3 size is introduced, mechanisms to enable detection between use of legacy Msg3 and extended Msg3 definitions are necessary. 
Both Msg1 and Msg3 can perform access control to reject the access of RedCap UEs. However, early identification during Msg1 needs to reserve additional PRACH resources or divide PRACH resources of legacy UEs, which decreases access capacity for legacy UEs. Therefore, Msg3 is preferred to Msg1 for early identification of RedCap UEs. 
Proposal 2: Msg3 is preferred to Msg1 for early identification of RedCap UEs.
Separate initial UL BWP
In our opinion, separate initial UL BWP does not belong to early identification during Msg1 transmission since separate initial UL BWP distinguishes RedCap UEs from legacy UEs not only in access process but also in data transmission process. 
With separate initial UL BWP, gNB will reconfigure an initial UL BWP with bandwidth no larger than the maximum RedCap UE bandwidth. Separate initial UL BWP can solve the coexistence problems of RedCap UEs and legacy UEs. 
If the separate initial BWP and initial BWP overlap, the PRACH resources of RedCap UEs and legacy UEs should be orthogonal to avoid collisions of PRACH resources. The orthogonality of PRACH resources can be guaranteed by configuring time domain and frequency domain parameters of PRACH resources in SIB1, e.g. configuring the subframe number with prach-ConfigurationIndex and the starting PRB of PRACH resources with msg1-FrequencyStart-r16. For Msg3 transmission, if frequency hopping is performed, the bandwidth of RedCap UEs will not exceed separate BWP, and the overlapping of frequency band of RedCap UEs and legacy UEs can be avoided via gNB scheduling. 
With separate initial BWP, gNB can be aware of the existence of RedCap devices as soon as gNB finds UEs request access in this BWP. Separate initial UL BWP has additional benefit for access capacity extension and traffic offloading, which is useful when the number of access UEs is large. Therefore, separate initial BWP can be used for early identification of RedCap UEs. 
Proposal 3: Separate initial UL BWP can be supported for early identification of RedCap UEs, access capacity extension and traffic offloading. 
3. Conclusions
In this contribution, considerations on identification for RedCap UEs are discussed and proposals are made as following,
Observation 1: Separate PRACH resource increases the reserved PRACH resource or decreases access capacity for legacy UEs.
Observation 2: PRACH preamble partitioning decreases access capacity for legacy UEs.
Proposal 1: Early identification of RedCap UEs is performed only when the network indicates that early identification is required.
Proposal 2: Msg3 is preferred to Msg1 for early identification of RedCap UEs.
[bookmark: _GoBack]Proposal 3: Separate initial UL BWP can be supported for early identification of RedCap Ues, access capacity extension and traffic offloading. 
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