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1 Introduction
The following RAN2-led features were approved as part of Rel-17 Redcap WID [1]: 
	· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· [bookmark: _Hlk71104865][bookmark: _Hlk67648184]Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and MsgA if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1]



In RAN1 #105 e-meeting, further progress was made with the following agreements: 
	Working assumption:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled
· FFS How to support enable/disable the early indication
· FFS details e.g.:
· separate initial UL BWP
· separate PRACH resource
· PRACH preamble partitioning
· FFS the possibility of supporting Msg3 for the early indication 

Agreement: (if the above working assumption is confirmed)
· Early indication of RedCap UEs in Msg1 can be enabled/disabled via SIB

Working assumption:
· RedCap UE type is defined based on one of the following options
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
· FFS: details of the set of reduced capabilities

Conclusion:
· RAN1 postpones the discussion on constraining of reduced capabilities, and if deemed necessary, RAN1 can come back
Agreement:
· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles
· Separation of initial UL BWP
· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritised



In this contribution, we provide our views on higher Layer support of Redcap devices, especially focusing on the definition of Redcap device type and related framework.
2. Discussions
2.1	Definition of RedCap UE type
Rel-17 Redcap study item includes three use cases, including industrial wireless sensor, video surveillance and wearable. The target performances in terms of data rate, latency and reliability were summarized in Table 1 below:  
Table 1: Target performances of Redcap devices
	
	Data rate 
	Latency
	Reliability 

	Industrial wireless sensor 
	<= 2 Mbps
	Non-safety related: <=100ms
Safety related: 5~10ms
	99%~99.99%

	Video surveillance
	Economic video: 2-4Mbps

High-end: 7.5-25 Mbps
	<=500ms
	99%~99.9%

	Wearable
	Peak rate: <=150/50 Mbps (DL/UL)

Reference rate: 2~5Mbps
	
	



Based on the approved WID in [1], one Redcap UE type can be defined and used for Redcap UE identification. This restriction is mainly motivated from economy of scale perspective to avoid market segment for Redcap devices. Redcap UE type definition should include a minimum set of components, which are essential to differentiate them from legacy Rel-15 and Rel-16 and correspondingly serve as filter for network to identify the Redcap devices. With these considerations in mind and one Redcdap UE type guideline, our view is that maximum supported bandwidth for Redcap is sufficient to define the Redcap UE type. Note that other advanced UE capabilities to fulfil higher requirements (e.g., 150Mbps peak data rate for wearable and number of Rx branches, power saving features) can still be reported in RRC_CONNECTED phase by using the existing Rel-15/Rel-16 UE capability framework besides these minimized UE capabilities signaled by Redcap UE type. Similarly, the other cost reduction features can also be reported by UE capability, instead of part of Redcap devices type definition, which include reduced DL/UL modulation as well as the Half-duplex FDD function. It should be noted that UE capability framework should be used as in legacy unless the feature(s) is essential for communication in initial access phase, e.g., bandwidth to facilitate the data scheduling for Msg3 and PUCCH reception for HARQ-ACK on PUCCH, which is aligned the following guideline discussed in plenary and documented in WID:      
	· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.




Observation 1: 
· The existing UE capability framework can be used by Redcap devices to report advanced capability in addition to capabilities included in the Redcap device type definition. 

Proposal 1: One Redcap UE type is defined by including the reduced bandwidth only for Redcap earlier identification. 

2.2 	Identification of RedCap UEs
In RAN1 105 e-meeting, how to early identify the Redcap UEs in Msg1 and/or Msg3 and MsgA was discussed. It was agreed to use SIB1 to enable/disable earlier identification of Redcap UEs in Msg1. The possibility of supporting Msg3 for earlier indication was FFS and is intended to be decided by RAN2. 

2.2.1 4-Step RACH Procedure
Three alternatives for Msg-1 based early indication of Redcap UEs were identified for 4-step RACH procedure as follows: 
	· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled
· FFS How to support enable/disable the early indication
· FFS details e.g.:
· separate initial UL BWP
· separate PRACH resource
· PRACH preamble partitioning
· FFS the possibility of supporting Msg3 for the early indication 



Our view is that all of these three alternatives should be supported from feature design perspective and leave it for gNB scheduler to choose based on the uses case. 
· If a separate initial UL BWP is configured for Redcap when the initial UL BWP for non-RedCap UEs is wider than the Redcap UE bandwidth, it is nature to configure PRACH resource within the Redcap-dedicated initial UL BWP and separate initial UL BWP serves as indicator to early identify the Redcap devices. 
· If a shared initial UL BWP is configured for Redcap and non-Redcap UEs, different RO or PRACH preamble can be used for Msg1 indicator as briefly described in Table 2 below.  

Table 2: Comparison of different Msg1-based Redcap early indication
	
	Description
	Potential configuration parameters

	Separate TDMed ROs
	· Avoid impact on preamble capacity for non-Redcap UEs. 
· Address the concern of excessive PRACH partitioning.  
	Prach-ConfigIndex-Redcap IE or ‘offset’ relative to PRACH resource configured for non-Redcap UEs

	Separate FDMed ROs
	
	IEs for Redcap-dedicated RO to indicate the frequency domain location e.g., frequency start and number of FDMed ROs 

	Preamble splitting within shared RO (s)
	· Minimizing the UL signalling overhead. 
	totalNumberOfRA-Preambles-Redcap: indicate the number of Preamble for Redcap UEs. 
CB-PreamblePerSSB-Redcap: indicate the CB Preamble for each SSB for Redcap, etc.




Figure 1 provides one example where 64 preambles within a RO are divided among non-Redcap UEs and Redcap UEs and 4 preambles are reserved for other usages. The preamble partitioning is done by expanding the 32 CB and CF preambles reserved for non-Recap UEs region and allocate 28 Redcap-dedicated Preambles in the expansion region by separate IE ‘totalNumberOfRA-Preambles-Redcap = 28’. As can be seen from FIG.1 below, assuming two SSBs are associated per RO for Redcap UEs, in the end the result is that the 12 CB and 2 CF preambles are reserved to associate with each SSB for Redcap UE.    
[image: Graphical user interface, application
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Figure 1: preamble partition within a shared RO for Redcap and non-Redcap UEs. 

Proposal 2: Confirm the WA to support the early indication of RedCap UEs at least in Msg1. 
· Support ROs in the separate initial UL BWP to indicate Redcap UEs if a separate initial UL BWP is configured. 
· Support separate RO and a shared RO with separate preambles to differentiate Redcap and non-Redcap UEs for the case of shared initial UL BWP for Redcap and non-Redcap UE.  

2.2.2 2-Step RACH 
In RAN1 105-e meeting, it was agreed to support 2-step RACH for RedCap UEs as an optional feature. It remains open regarding the details of early indicator. Like 4-step RACH discussion, the benefit of preamble-based indicator remains e.g., enabling efficient resource allocation for MsgB PDSCH transmission and disabling the PUCCH frequency hopping if necessary. Early indication for 2-step RACH can be achieved by separation of 2-step ROs or MsgA preambles within a shared RO or separation of initial UL BWP if configured. Whether MsgA PUSCH (as Msg3 in 4-step RACH procedure) can be further utilized for early identification can be deferred to RAN2. 
Proposal 3:  At least support separation of 2-step ROs or MsgA preambles or separate initial UL BWP to early indicate Redcap UEs for 2-step RACH.


3. Conclusion 
In this contribution, we have presented our views with the following proposal and observations: 
Observation 1: 
· The existing UE capability framework can be used by Redcap devices to report advanced capability in addition to capabilities included in the Redcap device type definition. 

Proposal 1: One Redcap UE type is defined by including the reduced bandwidth only for Redcap earlier identification. 

Proposal 2: Confirm the WA to support the early indication of RedCap UEs at least in Msg1. 
· Support ROs in the separate initial UL BWP to indicate Redcap UEs if a separate initial UL BWP is configured. 
· Support separate RO and a shared RO with separate preambles to differentiate Redcap and non-Redcap UEs for the case of shared initial UL BWP for Redcap and non-Redcap UE.  
Proposal 3:  At least support separation of 2-step ROs or MsgA preambles or separate initial UL BWP to early indicate Redcap UEs for 2-step RACH.
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