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1 [bookmark: _Ref40465791]Introduction
The RedCap SID [1] targets for the following objective:
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
Regarding this, RAN1 #102-e meeting drew the following agreements [2].
Agreements:
· 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.

This document provides analysis on pros/cons and feasibilities of the different options for RedCap device identification.

2 [bookmark: _Ref48635742]Identification of RedCap devices
 
2.1 Device type identification during Msg1 transmission
Basically, this option employs separate PRACH resource between normal and RedCap UEs. By detection of the preamble transmission, network could identify the device type in earliest stage. The advantage is that the scheduling of Msg2 and Msg3 and other following DL/UL transmissions can be optimized or compensated by the gNB considering the potentially reduced maximum bandwidth, Tx/Rx antenna numbers and modulation order. Without RedCap device type identification by Msg1, gNB may choose to employ more conservative scheduling strategy for Msg2 and later transmission to ensure the performance, even if the receiving UE is a normal UE. This is inefficient system operation.
Observation 1: RedCap device type identification during Msg1 transmission allows network to compensate the coverage performance in early stage and the efficiency of Msg2 and larter could be improved. 
To enable separate PRACH resource used by RedCap UEs, high layer signaling in SIB to configure resource is needed. In wider band operation, Rel.15 supports non-CD-SSB (non Cell Defining SSB) operation, which is associated with PRACH/Paging for CONNECTED mode UEs. To extend this operation by configuring non-CD-SSB specific PRACH resource to RedCap UEs via RMSI can be an option.
Another option could be the PRACH resource is still associated with CD-SSB by just introducing RedCap-UE-specific UplinkConfigCommonSIB in ServingCellConfigCommonSIB in SIB1, or even RedCap-UE-specific ServingCellConfigCommonSIB. 
How SIB are modified to RedCap device specific Msg1 transmission could be discussed in RAN2.
Regarding the preamble partitioning, the standardization efforts can be larger. Considering the coexistence with normal UEs, how preambles are shared requires careful study. Note that the PRACH preambles are already partitioned among different SSB. Furthermore, it is also allowed to split between 2 and 4 step RACH procedures. Therefore, there could be multiple PRACH preamble partitioning dimensions to consider already. Similar with the case "for Type-2 random access procedure with common configuration of PRACH occasions with Type-1 random access procedure" defined in subclause 8.1 of TS38.213, some additional specification efforts in RAN1 would be needed. On the other hand, this would also lead to more complicated gNB implementation on how to allocate preamble capacity for each target cases. Hence,
Observation 2: In general, it is feasible to support RedCap device type identification by configuring separate PRACH resource in SIB with some specification impact. 
Observation 3: Compared with separate PRACH resource in time and frequency domain, PRACH preamble partitioning may involve additional standardization efforts in RAN1 and lead to more complicated gNB implementation.

Another aspect is whether network only needs to know a UE is a RedCap UE or needs to figure out which type of RedCap UE. If different reduced complexity features are supported for different UE types, it is potentially needed for network to know the exact, for example, maximum bandwidth and number of Tx/Rx antenna. This would be a challenge for defining device type identification via Msg1. Therefore, our preference is to limit the scope of this option to identify only whether RedCap UE device in Msg1, even if there are multiple UE types supported for RedCap devices.
Observation 4: It would be a challenge to PRACH resource and preamble capacity for UE identification via Msg1 if more than one UE types for RedCap need to be identified.


2.2 Device type identification during Msg3 transmission
First of all, this option is purely within RAN2 domain, although the pros/cons and feasibility analysis are provided in this section.
We see the advantage of this option is no need of dedicated Msg1 resource for RedCap devices. It has the merit when Msg1 resource is limited like narrower system bandwidth. Also, the specification impact in RAN1 is none by adding the RedCap UE type information in Msg3 high layer signalling. Note that Msg3 has been already optimized to smaller payload since Rel.15. Adding RedCap UE type information in Msg3 could influence the bits related to future compatibility handling. 
Observation 5: Device type identification during Msg3 transmission is attractive when Msg1 resource is limited like narrower system bandwidth. There is no RAN1 specification impact.
[bookmark: _GoBack]However, because the identification is in relatively later stage, the network is not able to use the UE type information in order to compensate the performance of Msg2 and Msg3 only for RedCap devices. The normal UE scheduling flexibility of Msg2 and Msg3 is limited. For example, if 20MHz for FR1 and 50MHz for FR2 are assumed for RedCap UE, before gNB can identify RedCap UE, the scheduling of Msg2 and Msg3 for even normal UEs also needs to be limited. Currently, for Msg2, the bandwidth for receiving PDCCH is determined by either CORESET 0 or commonControlResourceSet. The bandwidth of PDSCH carrying MAC RAR is determined by CORESET 0 for initial access. For Msg3, the bandwidth for transmitting PUSCH in the active BWP is determined by bandwidth/RB number of initial UL BWP. So the configuration flexibility of the above parameters is limited by the bandwidth for RedCap UE. But considering the payload of Msg2 and Msg3 is not huge and less transmission compared with normal PDSCH/PUSCH traffic, using a limited bandwidth would not be a major issue. 
Observation 6: For device type identification during Msg3 transmission, the network is not able to compensate the coverage performance for Msg2 and Msg3. There could also be scheduling limitation for normal UEs, although it could be regarded as the acceptable cost compared with the resource overhead of Msg1 sharing to RedCap devices.

2.3 Device type identification via post Msg4 transmission
In our opinion, the pros and cons for this option is similar with using Msg3. But the network is required to have common operation between RedCap and non-RedCap UEs until an even later stage. In addition, the more detailed differentiation of RedCap devices is easier to support by this option to reuse the existing framework of UE capability reporting, as the cost of using Msg1 is higher and Msg3 payload size would be limited to have the compatibility with Rel.15 and not friendly for that.
Observation 7: The pros and cons for device type identification via Msg3 and post Msg4 transmission are quite similar. The more detailed differentiation of RedCap devices needs to use this option using the existing framework of UE capability reporting, if supported.

2.4 Device type identification during MsgA transmission
As a general consideration, 4-step RACH (Type-1 random access) is anyway a mandatory UE feature. So even if the option of using MsgA is going to be supported, the UE type identification for 4-step RACH also needs to be specified. Thus this requires additional standardization efforts.
Observation 8: Device type identification during MsgA transmission requires additional standardization efforts.
Depending on the device type information is carried by preamble or PUSCH of MsgA, the pros/cons can be similar with Msg1 and Msg3, respectively, except that the network is able to identify UE type earlier by PUSCH in MsgA than Msg3. Moreover, MsgB scheduling is after the device type identification. Therefore, the compensation can be applied specifically to RedCap UEs.
Observation 9: The pros and cons for device type identification via MsgA is similar with that of Msg1 and Msg3, except earlier identification by MsgA than Msg3.

3 Conclusion
Before RAN2 provides any further guideline, some analysis on device type identification is provided in this contribution for the purpose of better understanding the feasibility, pros and cons of the identified options from RAN1 perspective. The following observations based on the analysis are highlighted:
Observation 1: RedCap device type identification during Msg1 transmission allows network to compensate the coverage performance in early stage and the efficiency of Msg2 and larter could be improved. 
Observation 2: In general, it is feasible to support RedCap device type identification by configuring separate PRACH resource in SIB with some specification impact. 
Observation 3: Compared with separate PRACH resource in time and frequency domain, PRACH preamble partitioning may involve additional standardization efforts in RAN1 and lead to more complicated gNB implementation.
Observation 4: It would be a challenge to PRACH resource and preamble capacity for UE identification via Msg1 if more than one UE types for RedCap need to be identified.
Observation 5: Device type identification during Msg3 transmission is attractive when Msg1 resource is limited like narrower system bandwidth. There is no RAN1 specification impact.
Observation 6: For device type identification during Msg3 transmission, the network is not able to compensate the coverage performance for Msg2 and Msg3. There could also be scheduling limitation for normal UEs, although it could be regarded as the acceptable cost compared with the resource overhead of Msg1 sharing to RedCap devices.
Observation 7: The pros and cons for device type identification via Msg3 and post Msg4 transmission are quite similar. The more detailed differentiation of RedCap devices needs to use this option using the existing framework of UE capability reporting, if supported.
Observation 8: Device type identification during MsgA transmission requires additional standardization efforts.
Observation 9: The pros and cons for device type identification via MsgA is similar with that of Msg1 and Msg3, except earlier identification by MsgA than Msg3.
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5 Appendix: Summary of Decisions from RAN1 #102E
Agreements:
· 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.
Conclusion:
· RAN1 to wait for further progress in RAN2 on the issues of temporary access barring and congestion control

Conclusion:
· RAN1 to defer to RAN2 for further progress on studies regarding RRM relaxations and E-DRx for RedCap UEs to facilitate reduced UE power consumption. 
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