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1. Introduction
At RAN#86 meeting, a new 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 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. 
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.
[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



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 sections, each of the potential features is discussed.

2. UE Bandwidth reduction
As described in Section 1, the SID on the support of RedCap refers to the objectives on the UE bandwidth reduction. Considering the existing IoT devices, e.g. eMTC/NB-IoT or other LPWA, it is clear that UE bandwidth is one of essential features for UE power saving and complexity reduction. Since RedCap is based on NR frame structure and it is agreed that RedCap reuses the existing SSB which is transmitted with 20 PRBs bandwidth, we can say that that RedCap UE should support equal or larger than 20 PRBs bandwidth. It is worth noting that 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 (Alt.1).  Alt.1 implies that RedCap UE bandwidth should be equal or larger than CORESET#0 bandwidth, which is configured by MIB. In the 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, there may be the case that NW configures wider CORESET#0 bandwidth (e.g. 96 PRBs at 30kHz SCS) and it means that RedCap UE needs to support 34.6MHz UE bandwidth. Considering that typical UE bandwidth is 100 MHz, such bandwidth reduction may be enough for some RedCap use cases while may not be enough for some other use cases.
If we need more power saving gain and complexity reduction, we can consider another approach by assuming that RedCap UE bandwidth can be less than CORESET#0 bandwidth (Alt.2). In Alt.2, it is clear that further UE bandwidth reduction can be achieved. However, some signals/channels should be re-designed for RedCap UE since RedCap UE may not be able to monitor both legacy CORESET#0 and SIB1 PDSCH. We show the example case for RedCap initial access procedure in Figure 1. If RedCap UE bandwidth is the same with SSB bandwidth, at least CORESET#0/SIB1 PDSCH only for RedCap UE should be independently configured and it cause additional NW overhead. In LTE eMTC, the same approach with Alt.2 is supported. eMTC UE reuses both SS and MIB for legacy LTE UE and additional SIB1 PDCCH/PDCCH are configured for eMTC and scheduled by MIB. One possible problem is that NR MIB has only 1 reserved bit and it may not enough to schedule CORESET#0 for RedCap UE. For this issue, further discussion is needed taking into account the impact on whole procedure of initial access for RedCap UE. 
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Figure 1. Initial access procedure for RedCap UE (SS/data SCS = 15 kHz)

Proposal 1: RAN1 should further study on whether RedCap reuses both legacy CORESET#0 and SIB1 PDSCH for legacy NR devices

Based on the discussion above, we consider that SSB bandwidth (i.e. 20 PRBs) and CORESET#0 bandwidth (i.e. 24, 48, 96 PRBs) is highly related with RedCap UE bandwidth and it would be good reference for further study. Therefore, we also provide following proposal. 
Proposal 2: The baseline for RedCap UE bandwidth should be {20, 24, 48, 96} PRBs

3. Reduced number of UE RX/TX antennas
Reducing the number of UE antennas would be able to make the device size smaller and reduce the device complexity while it would lead lower peak bitrate due to smaller number of possible MIMO layers and the coverage reduction due to less diversity gain.
For DL, supporting at least 4 MIMO layers is mandatory in some bands in FR1 and supporting at least 2 MIMO layers is mandatory in FR2 for Rel.15/16 UEs, which is reported by maxNumberMIMO-LayersPDSCH. However, as the traffic would be UL heavy in IWSN and video surveillance, 1 MIMO layer would be enough for the use cases in DL. For wearables, the reference bitrate can be 10-50 Mbps and peak bitrate can be 150 Mbps in DL. In figure 2, the bitrate analysis is shown for some combinations of {number of RBs, scaling factor, and number of MIMO layers} using the equation in clause 4.1.2 in TS 38.306. It is seen from figure 2 that 1 or 2 MIMO layers would be enough with smaller BW than mandatory for Rel.15/16 UEs (100 MHz in FR1 for 30 kHz SCS and 200 MHz in FR2 for 120 kHz SCS). Hence, the mandatory number of DL MIMO layers can be reduced for RedCap UEs, while the exact number of supported MIMO layers should be carefully studied considering the relaxed UE processing capability. It is also noted that the number of RX antennas should be carefully studied based on coverage performance evaluation.
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Figure 2. DL bitrate analysis for wearables

Proposal 3: Mandatory number of DL MIMO layers can be reduced for RedCap UEs.
· FFS: exact number of supported MIMO layers considering the relaxed UE processing capability.
· Number of RX antennas should be carefully studied based on coverage performance evaluation.

For UL, supporting more than 1 MIMO layers is optional for Rel.15/16 UEs, which is reported by maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH. For IWSN, as the bitrate would be less than 2 Mbps, 1 MIMO layer would be enough with smaller BW than mandatory for Rel.15/16 UEs (100 MHz in FR1 for 30 kHz SCS and 200 MHz in FR2 for 60/120 kHz SCS). For video surveillance, the bitrate for reference economic video can be 2-4 Mbps and the bitrate for high-end video can be 7.5-25 Mbps. Figure 3 shows the bitrate analysis and it is seen that 1 MIMO layer would be enough with smaller BW than mandatory for Rel.15/16 UEs. 
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Figure 3. UL bitrate analysis for video surveillance

For wearables, the reference bitrate can be minimum 5 Mbps and peak bitrate can be 50 Mbps in UL. Figure 4 shows the bitrate analysis and it is seen that 1 or 2 MIMO layers would be enough with smaller BW than mandatory for Rel.15/16 UEs. Hence, 1 MIMO layer UL transmission can be assumed as baseline for RedCap UEs, while the exact number of supported MIMO layers should be carefully studied considering the relaxed UE processing capability. It is also noted that the number of TX antennas should be carefully studied based on coverage performance evaluation.
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Figure 4. UL bitrate analysis for wearables

Proposal 4: 1 MIMO layer UL transmission can be assumed as baseline for RedCap UEs.
· FFS: exact number of supported MIMO layers considering the relaxed UE processing capability.
· Number of TX antennas should be carefully studied based on coverage performance evaluation.

4. Half-Duplex-FDD
As described in Section 1, the objective for the support of RedCap also refers to study half-duplex FDD (HD FDD). If we consider the existing IoT devices, HD FDD is supported mandatorily or optionally for eMTC/NB-IoT or other reduced complexity LTE devices (i.e. Category 0). Therefore, we think it is clear that HD FDD is one of the potential enhancements for RedCap. For example, NB-IoT is motivated for LPWA use cases and it supports HD-FDD mandatorily. However, RedCap has relatively higher requirements than such LTE-based IoT and it would be enough to support as an optional feature. In this situation, we are fine to introduce half-duplex FDD for RedCap while we need more discussion on the impact of throughput/latency performance from HD-FDD based on performance evaluation.
In addition, the RedCap deployment scenarios include all the NR bands, i.e. FR1 and FR2 bands both for FDD and TDD. Considering that RedCap is assumed to be co-existed with legacy NR devices, it is enough to support HD-FDD for NR FDD bands which is defined only for FR1. 
Based on the discussion, we made following proposal.

Proposal 5: Further study whether/how to support half-duplex FDD for existing FR1 FDD bands

5. Relaxed UE processing time/capability
For the approval of RedCap SID, possible techniques for UE complexity reduction were discussed from various viewpoints. To give an example, we consider relaxed number of HARQ processes is one of the potential enhancements for RedCap UE complexity/memory reduction. However, it would influence the peak rate performance as in the UE bandwidth reduction or other possible enhancements. Therefore, all or part of the possible complexity reduction techniques should be evaluated together. We are fine to introduce new UE processing time and capability however, further evaluation work should be necessary for the verification of RedCap requirements. As the first step, we consider that baseline simulation assumption should be discussed so that we can evaluate our own proposal based on the baseline assumption for the next step.

Proposal 6: Baseline simulation assumption should be further studied as the first step

6. Conclusion
In this contribution, we discussed the potential UE complexity reduction features for RedCap. Based on the discussion, we made following proposals.
Proposal 1: RAN1 should further study on whether RedCap reuses both legacy CORESET#0 and SIB1 PDSCH for legacy NR devices
Proposal 2: The baseline for RedCap UE bandwidth should be {20, 24, 48, 96} PRBs
Proposal 3: Mandatory number of DL MIMO layers can be reduced for RedCap UEs.
· FFS: exact number of supported MIMO layers considering the relaxed UE processing capability.
· Number of RX antennas should be carefully studied based on coverage performance evaluation.
Proposal 4: 1 MIMO layer UL transmission can be assumed as baseline for RedCap UEs.
· FFS: exact number of supported MIMO layers considering the relaxed UE processing capability.
· Number of TX antennas should be carefully studied based on coverage performance evaluation.
Proposal 5: Further study whether/how to support half-duplex FDD for existing FR1 FDD bands
Proposal 6: Baseline simulation assumption should be further studied as the first step
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