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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94, a study item to examine further complexity reduction techniques was approved with the following objectives [1]:
· 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.
In this contribution, we provide observations about the feature discussions for Rel-17 RedCap. For Rel-18, we propose that existing features be considered while the complexity reduction / processing relaxation techniques are being discussed. We also propose a starting point for an objective about features for the normative phase.
Discussion
Background
The feature discussion for Rel-17 RedCap had several objectives [2]: explicitly exclude features related to least carrier aggregation, dual connectivity, and wider bandwidths and more importantly “The existing UE capability framework is used; changes to capability signalling are specified only if necessary.” (See appendix)
The working groups interpreted the clause “changes to capability signalling are specified only if necessary” as a RedCap UE is capable of supporting all features unless the RedCap UE is unable to support a feature due to explicit exclusion or as a consequence of the complexity reduction features.
During discussions of the RedCap features, RAN2 provided RAN1 a list of features a RedCap UE does not support from a RAN2 perspective [4]. RAN2 also mentioned a working assumption in the LS [4]
RAN2 Working Assumption: by default, all non-RedCap UE capabilities are applicable for RedCap UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE
RAN also provided guidance in [5]; with one implication that RedCap UEs are capable of supporting some existing features. RAN1 had a detailed discussion, captured in [3], about features. Specifically
1. Mandatory features for non-RedCap UEs that are not applicable for RedCap UEs
1. Mandatory features for non-RedCap UEs that are optional for RedCap UEs
1. Mandatory features for non-RedCap UEs that are supported for RedCap UEs but with different value
1. Optional features for non-RedCap UE that are not applicable for RedCap UE
1. Optional features for non-RedCap UE that are mandatorily supported for RedCap UE
From this discussion, a small number of features were identified requiring some changes and/or being not applicable from a RAN1 perspective. 
With the goal of keeping as many features as possible for Rel-17 RedCap, the feature discussions began later in the normative phase. In fact, during technical discussions, there were several existing features that were seen as useful for RedCap UEs and could resolve technical issues. However, companies suggested to defer about how these features could resolve technical issues until feature discussions. When feature discussion actually started, it was too late in product cycles to make some features mandatory.
Observation 1: For Rel-17 RedCap, the applicability of features to resolve technical issues occurred late in the normative phase
Rel-18
The 5 MHz complexity reduction techniques proposed for Rel-18 can impact the control channel and shared channels from a system perspective. For example, a 5 MHz channel supports a fewer number of CCEs in a CORESET; resulting a reduced control channel capacity. To address the reduction in control channel capacity, several available features may be considered during technical discussions including: compact DCI, use of lower MCS table (improved reliability reduces retransmissions), PDSCH/PUSCH repetition (use time resources instead of frequency resources), MBS (to support multicast / broadcast for several UEs), multislot scheduling (to schedule several shared channel transmissions / receptions from one DCI), SPS, and configured grants. 
Several techniques related to processing relaxation and peak data rate reduction may also benefit with the use of existing features. For instance, using K0>0 can avoid having to decode PDCCH and PDSCH within the same slot – thereby allowing relaxed processing time for the PDCCH. Also features such as multislot PDCCH monitoring can reducing blind detection processing for PDCCH.
Observation 2: For Rel-18, existing NR features can be applied to enable complexity reduction / processing relaxation and to resolve system-related issues.
Based on this observation, during the discussions of complexity reduction techniques, related features should be examined.
Proposal 1: Examine features related to Rel-18 complexity reduction techniques when the techniques are discussed.
As with Rel-17 RedCap, the existing features should be examined to see if they are applicable to Rel-18 RedCap. With some of techniques being considered, there may be a number of existing features which we may not want to be applicable to Rel-18 RedCap.
With over 500 listed RAN1 features, 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 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. Further, the discussion of the applicability of features (mandatory, optional, not supported) should begin early in the normative phase given that several potential complexity reduction techniques can affect many features. 
Proposal 2: Begin discussing whether the capability signaling objective in Rel-17 WID can be reused for Rel-18 WID.

Conclusion
We observed
Observation 1: For Rel-17 RedCap, the applicability of features to resolve technical issues occurred late in the normative phase
Observation 2: For Rel-18, existing NR features can be applied to enable complexity reduction / processing relaxation and to resolve system-related issues.
We propose
Proposal 1: Examine features related to Rel-18 complexity reduction techniques when the techniques are discussed.
Proposal 2: Begin discussing whether the capability signaling objective in Rel-17 WID can be reused for Rel-18 WID.
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Appendix
Rel-17 RedCap WID [2]
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.
· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:
· Specify measurement (RSRP/RSRQ) based stationarity criterion and not-at-cell-edge criterion [RAN2]
· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.
· Specify UE requirements for RRM measurement relaxation [RAN4]
· No RRM measurement 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.


