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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]With the completion of the Rel-18 RedCap study item [1], RAN will determine the objectives of the Rel-18 RedCap work item. When the initial WID for Rel-18 RedCap [2] was drafted, some helpful objectives from the Rel-17 WID [3] were absent. This contribution touches upon these objectives as well as the work item scope for Rel-18 RedCap.
Discussion
In the TR [5], most companies in RAN1 recommend a down-selection of two techniques (bandwidth option 3 (BW3) and peak data reduction option 3 (PR3)) during the RAN#97 meeting. Some companies want to include BW1 and PR1 for down-selection. Some companies were also open to consider PR1 as an add-on to more precisely reach the target data rate. Another consideration is to whether or not to include processing time relaxation options 1 and/or 2 (PT1 and PT2). Whether the down-selection happens in RAN or in the working groups is for RAN to decide. Among the factors for the down-selection are the specification impact (where BW3/PR3 has significantly less impact than BW1) and the amount of complexity reduction (where BW1 has more reduction than BW3/PR3).
In addition to the down-selection and design requirements, RAN should consider several Rel-17 objectives to include and to adopt for the Rel-18 WID. These include UE type, early indication, capability framework, access control, and coexistence.
UE type
In the Rel-17 WID, one objective was to specify one UE type and relate that UE type to early indication. It was agreed that this UE type was for at least the UE bandwidth (20 MHz for FR1) among other aspects while excluding antenna reduction (to 1 or 2). For the Rel-18 SI, we had a note aiming to define a single new UE type.  
BW1 lowers the maximum bandwidth to 5 MHz while the other options retain the same bandwidth as Rel-17 but have different dimensions/requirements for the active bandwidth part. If the UE type is based on bandwidth for Rel-18, then BW1 clearly introduces a new UE type while BW3/PR3 may be open to debate, possibly depending on the discussion on PT1. So our preference is to clearly select between BW1 and BW3/PR3, and if type needs to be mentioned in the WID to state “at most one new UE type”.
Proposal 1: Decide in RAN on only one of BW1 or BW3/PR3. If “UE type” needs to be mentioned, specify “at most one new UE type” for a Rel-18 RedCap UE.
Early indication
In Rel-17, the framework for early indication was related to the use of the separate initial DL and UL BWPs. For example, after the UE transmits Msg1, the network knows to transmit Msg2 within the separate initial DL BWP and to schedule Msg3 and to receive UCI for Msg4 within the separate initial UL BWP. One MAC CE in Msg3 also carries early indication.
Based on the TR [5], it was observed that (a) early indication is not needed for a UE supporting PT2 while it may be necessary for PT1; (b) early indication is not needed for PR1; (c) BW1 and PT1 will need a separate early indication unless there is a dedicated bandwidth; (d) depending on network configuration, BW3/PR3 can share the same early indication as a Rel-17 RedCap. How to proceed with early indication in Rel-18 depends on which option is selected. As a starting point, the same framework for early indication should be reused, if possible, for Rel-18 to minimize the standardization effort.
Based on our understanding of the options, the following captures early indication.
Proposal 2:
· For BW3/PR3, the network can configure the same or a separate early indication as used for Rel-17 RedCap
· For BW1, the network configures a separate early indication than that used for Rel-17 RedCap
Capability framework
[bookmark: _Hlk113024205]In [4], we observed that the objective captured in the Rel-17 WID “The existing UE capability framework is used; changes to capability signaling are specified only if necessary” allowed RAN1 to focus on the applicability of certain features instead of all 800+ RAN1 features. This objective should be adopted for the normative phase in Rel-18. The objective can also include text based on the RAN2 working assumption “by default, all non-RedCap UE capabilities are applicable for RedCap UE, …”. That way, the approach followed in RAN1 for Rel-17 can then be used for Rel-18. 
Proposal 3: The existing UE capability framework is used; changes to capability signaling are specified only if necessary. By default, all non-RedCap UE capabilities are applicable for RedCap UEs. 
Relationship to Rel-17 RedCap
A Rel-17 RedCap UE has a basic feature group (28-1) and several other FGs. RAN should determine whether a Rel-18 RedCap UE should support the Rel-17 RedCap UE features. Having clear objectives would help the working groups converge faster in feature discussions as well as reducing standardization efforts.
Proposal 4: Decide in RAN whether or not a Rel-18 RedCap UE will support the Rel-17 RedCap UE features.
Access framework
For Rel-17, RAN2 developed a framework to bar RedCap UEs from accessing the network. It may be desirable for a network to restrict access for Rel-18 RedCap UEs. 
Proposal 5: Decide in RAN whether or not a RAN2 objective related to access control for Rel-18 RedCap UEs is needed and, if needed, whether the existing access control framework can be reused.
Coexistence
In Rel-17, the standardization efforts ensured that a RedCap UE could coexist with non-RedCap UEs before, during, and after initial access while minimizing network signaling. A Rel-17 RedCap UE receives the same control channel, same SIB transmissions, and reference signals as non-RedCap UEs. Depending on network configuration of the separate initial UL BWP, a RedCap UE could even share uplink resources (RACH occasions, preambles, PUCCH) and/or coexist with non-RedCap UEs. 
That same level of coexistence should be an objective for the Rel-18 WI. In fact, the Rel-18 study captured observations regarding coexistence impact. For instance, companies noted that a UE supporting the BW3/PR3 option (a BW3/PR3 UE) could receive the existing SIB1 transmission even with a reduced number of RBs. Further, with appropriate configuration of the uplink resources, a BW3/PR3 UE can share resources or coexist with Rel-17 RedCap UEs. Unless operating in a dedicated channel, a BW1 UE may need a longer time to receive PDCCH, PBCH, and SIB1 compared to a BW3/PR3 UE, especially if 30 kHz SCS is used. Companies also noted that certain RACH configurations may not be possible for a BW1 UE.
Assuming BW3/PR3, we have the following proposal. If BW1 is selected instead, a detailed list of coexistence-related objectives should be provided.
Proposal 6: Assuming BW3/PR3, add a Note to the WID that the existing SIB1 transmission is reused without enhancement.


Conclusion
This contribution examined the Rel-17 RedCap WID and some conclusions from the Rel-18 RedCap SI. We make several proposals for objectives for the Rel-18 WID.
Proposal 1: Decide in RAN on only one of BW1 or BW3/PR3. If “UE type” needs to be mentioned, specify “at most one new UE type” for a Rel-18 RedCap UE.
Proposal 2:
· For BW3/PR3, the network can configure the same or a separate early indication as used for Rel-17 RedCap
· For BW1, the network configures a separate early indication than that used for Rel-17 RedCap
Proposal 3: The existing UE capability framework is used; changes to capability signaling are specified only if necessary. By default, all non-RedCap UE capabilities are applicable for RedCap UEs.
Proposal 4: Decide in RAN whether or not a Rel-18 RedCap UE will support the Rel-17 RedCap UE features.
Proposal 5: Decide in RAN whether or not a RAN2 objective related to access control for Rel-18 RedCap UEs is needed and, if needed, whether the existing access control framework can be reused.
Proposal 6: Assuming BW3/PR3, add a Note to the WID that the existing SIB1 transmission is reused without enhancement.
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Appendix
From Rel-17 WID [3]
4.1	Objective of Core part WI
This WI has the following objectives: 
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· 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. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular 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 is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· 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.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][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] 
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331). [RAN2]
· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.
· RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:
· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]
· Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.
· After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]
· No RRM relaxations are specified for the serving cell. 
· Specify RAN4 core requirements for the above. 
Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 
· Power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.

