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1 Introduction

In TSG-RAN#86 plenary meeting, the scope of New SID on support of reduced capability NR devices was defined [1]. 
The detailed objectives of the Study Item are:

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.

Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured

Note4: This SI should focus on SA mode and single connectivity

In the new SID on support of reduced capability NR devices, potential UE complexity reduction features was agreed to be studied. This contribution discusses the UE complexity reduction for the reduced capability NR devices.
2 Discussion
According to [1], the important objectives of 5G connectivity are to enable the use cases of connected industries, smart city, and wearables. For the device complexity requirements of those use cases, the motivation for the reduced capability NR devices is to lower the device cost and complexity compared to the eMBB and URLLC devices of R15 and R16. 
For complexity reduction of the reduced capability NR devices, many methods can be proposed, such as reducing the number of UE RX/TX antennas, reducing bandwidth, using half-duplex FDD, relaxing UE processing time，and relaxing UE processing capability. However, the performance loss caused by above mentioned solutions is yet not clear. In addition, how much complexity can be reduced is also unclear. Therefore, all the objectives are needed to be studied and evaluated to identify a trade-off between the potential performance loss and the complexity reduction.
Reduced Rx/Tx antennas are useful for the UE RF cost reduction. Minimum number of supported UE Rx antennas can be reduced for complexity reduction of the reduced capability NR devices. This is not only due to the cost and power consumption reasons, but also due to the small form factor. For complexity reduction, both 2Rx and 1Rx UEs can be supported for the reduced capability NR device types. The work area on UE complexity reduction features includes the additional performance requirements and introducing new UE capabilities. Furthermore, due to the reduced number of Rx antennas, the DL coverage will be sacrificed. The compensation of the coverage loss has to be studied.
The reduction of the maximum bandwidth can be applied to the DL and/or UL, the RF and/or baseband components, the data and/or control channels. With reduced bandwidth, the cost of RF and baseband components can potentially be reduced. The baseline for reducing maximum bandwidth can be a subset of the existing supported bandwidths considering backward compatibility. For such case, since there is no need to change the L1 signal/channels, the specification impact is expected to be small. It may be considered to reduce the bandwidth even further, potentially less than the minimum bandwidth required by R15 initial access. This requires significant change in L1 signal/channels design and initial access procedures, thus the specification impacts are expected to be higher.
Proposal 1:Baseline for reducing maximum bandwidth should be a subset of the existing supported bandwidths.

Reduction of the maximum bandwidth results in some degradation in the coverage for the reduced capability NR devices compared to the normal NR devices. For the DL, the coverage of PDSCH and PDCCH can be affected.  For the UL, the coverage of PUSCH and PUCCH can be affected. In order to support the UEs with reduced bandwidth in a carrier with larger bandwidth, some enhancements should be considered for the channel design to improve the coverage, and some specification changes may be expected. 
For DL bandwidth reduction, PDSCH specifications are not expected to be impacted, because gNB can schedule them within the reduced bandwidth. PDCCH needs to be sent within the bandwidth supported by the reduced capability NR devices, and a common search space also needs to be defined. The specification impact is expected to be significant. The most significant impact is expected from the downlink control channels, while all the other channels/signals may be handled by implementation but with possible performance degradation. If the performance degradation is considered as so significant that further optimization is needed to improve the performance, more specification impact may be expected.

Proposal 2: Specification impact on DL control channels due to reduced bandwidth should be studied，other channels/signals are not excluded.
The key issues of the UE form factor include the duplexer avoidance. Solutions for enabling half-duplex UE operation in FDD bands can be studied. The half-duplex FDD operation can lower the cost of a reduced capability NR device by simplifying the RF implementation. By not requiring simultaneous transmission and reception, a half-duplex FDD UE does not require a duplexer. In place of a duplexer, a switch can be used. The gNB still uses full duplex operation and will be required to ensure that there are no scheduling conflicts for the half-duplex FDD UEs. This requirement means that the scheduler needs to consider data and control traffic in both directions when making scheduling decisions for a reduced capability NR UE. A switching time is needed to be observed by the half-duplex FDD UEs, when transitioning from receive to transmit and from transmit to receive. 
Proposal 3: Switching time should be needed to half-duplex FDD UE when transitioning from receive to transmit and from transmit to receive.
3 Conclusions
In this contribution, we discuss UE complexity reduction of the reduced capability NR devices. Based on the discussions, some proposals are given as follows.

Proposal 1: Baseline for reducing maximum bandwidth should be a subset of the existing supported bandwidths.

Proposal 2: Specification impact on DL control channels due to reduced bandwidth should be studied，other channels/signals are not excluded.
Proposal 3: Switching time should be needed to half-duplex FDD UE when transitioning from receive to transmit and from transmit to receive.

References

[1] RP-193238, “New SID on Support of Reduced Capability NR Devices”, Ericsson.
