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Introduction
The study item on further NR RedCap UE complexity reduction was approved in [1]. The objective is to further reduce the complexity of RedCap devices, the following should be studied:
· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.

This contribution provides views on potential solutions to further reduce UE complexity.
Reduced UE complexity
Aspects related to reduced maximum UE bandwidth
[bookmark: _Hlk111021739]In last RAN1#109e meeting, there were the following agreements on UE bandwidth reduction in [2].

Agreement
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL.
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz.
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreement
· For Options BW1,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW2,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW3,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· Relevant assumptions (e.g., regarding potential scheduling restrictions) should be reported.

In order to further expand RedCap into a new range of use cases such as smart grid, some user requirements are characterized by a large number of terminals, small single service data and many service times, which are sensitive to cost but do not require a large bandwidth. In these cases, 20MHz for FR1 is still a bit large. Hence, it is necessary to support a smaller bandwidth for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs, such as 5MHz. There are three bandwidth options defined and agreed in last RAN1#109e meeting [2]. In general, the UE bandwidth reduction can be applied to both radio frequency (RF) and baseband (BB) parts or only to BB parts. For Option BW1, BW2 and BW3, we think they can all be supported and evaluated during SI phase. It may be hard to do the down-selection without any evaluation results. After evaluation on UE complexity, cost, system performance, and spec impact due to bandwidth reduction to 5MHz, it would provide reasonable advice on further down-selection during later WI phase. Hence, we have the following proposal.

Proposal 1: Support Option BW1, BW2 and BW3 during SI evaluation phase.
· Study and specify the impact on UE complexity, cost, system performance, and specification changes. 
· Consider further down-selection during WI phase.

For Option BW1, BW2 and BW3, some critical issues need to be considered due to bandwidth reduction to 5MHz. One key issue is that the entire SSB or CORESET#0 may exceed the maximum RedCap UE bandwidth in some NR bands. For 30KHz case, there is assumed 11 contiguous RBs to fit within 5MHz. However, the number of RBs may not meet the entire SSB and CORESET#0. Then it would be hard to reuse Rel-15 SSB and minimize L1 changes, which are noted in SID [1]. It needs to study further on introducing new or reused SSB or CORESET#0 for Rel-18 RedCap, especially for bandwidth reduction to 5MHz. Hence, we have the following proposal.

Proposal 2: Further study on introducing new or reused SSB or CORESET#0 for Rel-18 RedCap.
· How to reuse Rel-15 SSB for 5MHz.

Regarding the user requirements of peak data rate, there is a big difference between Rel-17 and Rel-18 RedCap UEs. For Rel-18 RedCap UEs, the target peak data rate is 10Mbps, while the target peak data rate for Rel-17 RedCap UEs is 2Mbps to 150Mbps. Hence, it is hard for higher layer to guarantee QoS flow and latency within only one UE type. Meanwhile, the reduction of RedCap UE bandwidth is bound to bring some changes on configuration and UE capabilities. Therefore, it is better to define a single Rel-18 RedCap UE type for further UE complexity reduction, which is benefit for resource allocation by network. It is beneficial to support early indication for Rel-18 RedCap, especially for coexistence. In addition, the coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs should be further studied and identified, which would bring access problems. For Rel-18 RedCap UE features, most UE capabilities and RRC parameters can be reused as Rel-17 RedCap, with necessary clarification and modification if any, e.g., UE maximum bandwidth. Hence, we have the following proposals.

Proposal 3: Further study the coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs.
Proposal 4: Early indication and a single Rel-18 RedCap UE type should be supported for Rel-18 RedCap.
· Reuse Rel-17 RedCap UE capabilities and RRC parameters with necessary clarification and modification if any.

Conclusion
In this contribution, we provide the following proposals:
Proposal 1: Support Option BW1, BW2 and BW3 during SI evaluation phase.
· Study and specify the impact on UE complexity, cost, system performance, and specification changes. 
· Consider further down-selection during WI phase.

Proposal 2: Further study on introducing new or reused SSB or CORESET#0 for Rel-18 RedCap.
· How to reuse Rel-15 SSB for 5MHz.

Proposal 3: Further study the coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs.

Proposal 4: Early indication and a single Rel-18 RedCap UE type should be supported for Rel-18 RedCap.
· Reuse Rel-17 RedCap UE capabilities and RRC parameters with necessary clarification and modification if any.
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