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1. Introduction
At RAN#88e meeting, revised SID on support of reduced capability NR devices was approved with the objective as follows [1]:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
· Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB
· The study includes evaluations of the impact to network capacity and spectral efficiency
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
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].
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87 or later.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity



At RAN1#101-e meeting, following agreements related to UE complexity reduction were made [2]:
	Agreements:
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS

Agreements:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

Agreements:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

Agreements:
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· Include antenna parts at least in the cost/complexity breakdown for FR2.
· Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.

Agreements:
The reference NR device for evaluation of cost/complexity reduction supports the following:
· All mandatory Rel-15 features (with or without capability signaling)
· Single RAT
· Operation in a single band at a time
· Maximum bandwidth: 
· For FR1: 100 MHz for DL and UL
· For FR2: 200 MHz for DL and UL
· Antennas: 
· For FR1 FDD: 2Rx/1Tx
· For FR1 TDD: 4Rx/1Tx
· For FR2: 2Rx/1Tx
· Power class: PC3
· Processing time: Capability 1
· Modulation: 
· For FR1: support 256QAM for DL and 64QAM for UL
· For FR2: support 64QAM for DL and 64QAM for UL
· Access: Direct DL/UL access between UE and gNB

Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.



As shown above, the objective of this SI includes identifying and studying potential UE complexity reduction features, including reduced number of UE RX/TX antennas, UE bandwidth reduction, Half-Duplex-FDD, relaxed UE processing time/capability. In the following section, the potential features are discussed.

2. UE Bandwidth reduction
As described in Section 1, the lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem, which corresponds to 10/5 Mbps in DL/UL and 20 MHz BW. Therefore, while the SID on the support of RedCap refers to the objectives on the UE bandwidth reduction, maximum UE BW less than 20 MHz does not have to be considered for RedCap. In addition, as described in Section 1, regarding maximum UE BW and number of Tx/Rx, following agreements were made:
	Agreements:
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS

Agreements:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.


For wearables, the peak bitrate can be up to 150 Mbps in DL. In figure 1, the bitrate analysis is shown for some combinations of {UE BW, scaling factor, and number of MIMO layers} using the equation in clause 4.1.2 in TS 38.306. It is seen from figure 1 that 2 MIMO layers or 40 MHz BW is necessary to support DL 150 Mbps in FR1.
Observation 1: 2 MIMO layers or 40 MHz BW is necessary to support DL 150 Mbps in FR1
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Figure 1. DL bit rate analysis for wearables

Regarding the impact to initial access, Rel.15 CORESET for Type0-PDCCH search space is configured with bandwidth of {24, 48, 96} PRBs and the following SIB1 PDSCH is transmitted with limited bandwidth less than one for CORESET#0. In this case, one key point is whether RedCap UE reuses both legacy CORESET#0 and SIB1 PDSCH for legacy NR devices. For example, let us assume that RedCap UE reuses both legacy CORESET#0 and SIB1 PDSCH. This implies that RedCap UE bandwidth should be equal or larger than CORESET#0 bandwidth, which is configured by MIB. In this case, RedCap UE can easily follow existing NR initial access procedure. In addition, at least UE-specific signals/channels can be reused for RedCap by UE-specific scheduling to confine limited UE bandwidth. Thus, one possible benefit from Alt.1 is that specification impacts can be reduced significantly.
However, for FR2, there may be the case that NW configures SSB/CORESET#0 multiplexing pattern 2 with SSB/CORESET0 SCS are 240/120 kHz, where the required UE BW to receive SSB and CORESET#0 (and the corresponding SIB1 PDSCH) simultaneously is larger than 100 MHz. If SSB and CORESET#0 are received separately, it takes more time to acquire SSB/SI and degrades the performance for initial access. Therefore, the solution for the above SSB/CORESET0 multiplexing pattern 2 issue should be studied if 100 MHz maximum UE BW is assumed. Similar issue would occur for 50 MHz maximum UE BW if NW configures SSB/CORESET#0 with more than 50 MHz.
Proposal 1: Study the solution for SSB/CORESET0 with more than 50/100 MHz BW if 50/100 MHz maximum UE BW is assumed for FR2

For FR1, it would be enough to support maximum 20 MHz UE BW to meet the required bit rate. On the other hand, when 8 ROs are FDMed with 30kHz SCS, the total BW is larger than 20MHz for initial access. If RedCap UE supports maximum 20MHz BW (i.e., maximum initial UL BWP size), the ROs outside of initial UL BWP cannot be used and hence, UE may not be able to transmit PRACH corresponding to the best SSB. Therefore, larger than 20 MHz (e.g. 40 MHz) UE BW for initial access or the solution for the above invalid RO issue if maximum 20 MHz UE BW is assumed should be studied.
Proposal 2: Study 1) larger than 20 MHz (e.g. 40 MHz) UE BW for initial access or 2) solution for the invalid RO issue with 8 FDMed ROs if maximum 20 MHz UE BW is assumed for FR1

3. Conclusion
In this contribution, we discussed the potential UE complexity reduction features for RedCap. Based on the discussion, we made following proposals.
Observation 1: 2 MIMO layers or 40 MHz BW is necessary to support DL 150 Mbps in FR1
Proposal 1: Study the solution for SSB/CORESET0 with more than 50/100 MHz BW if 50/100 MHz maximum UE BW is assumed for FR2
Proposal 2: Study 1) larger than 20 MHz (e.g. 40 MHz) UE BW for initial access or 2) solution for the invalid RO issue with 8 FDMed ROs if maximum 20 MHz UE BW is assumed for FR1
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[Mbps] Scaling factor

BW[MHz] # of RBs 0.4 0.75 0.8 1

10 24 20.54506 38.52198 41.09011 51.36264

20 51 43.65824 81.85921 87.31649 109.1456

40 106 90.74066 170.1387 181.4813 226.8517

[Mbps] Scaling factor

BW[MHz] # of RBs 0.4 0.75 0.8 1

10 24 41.09011 77.04396 82.18022 102.7253

20 51 87.31649 163.7184 174.633 218.2912

40 106 181.4813 340.2775 362.9627 453.7033

[Mbps] Scaling factor

BW[MHz] # of RBs 0.4 0.75 0.8 1

50 32 78.35789 146.921 156.7158 195.8947

100 66 161.6131 303.0246 323.2263 404.0329

200 132 323.2263 606.0493 646.4526 808.0657

FR1, 256QAM, 30kHz SCS, 1 layer

FR1, 256QAM, 30kHz SCS, 2 layer

FR2, 64QAM, 120kHz SCS, 1 layer

Yellow: Neither reference nor peak rate are satisfied

Green: Reference rate is satisfied but peak rate is not

White: Both reference and peak rate are satisfied


