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In RAN#86, a new SI on reduced capability NR devices was approved [1]. The objective of the SI is to:
· Identify and study potential UE complexity reduction features
· Study UE power saving and battery lifetime enhancement for reduced capability UEs
· Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited
The SI identified several use cases and the following generic requirements for these use cases:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 
· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

This contribution discusses potential techniques to reduce device complexity and cost.
Complexity reduction
Reduced bandwidth
In NR, the [minimum, maximum] transmission bandwidths supported by the UE are [5 MHz, 100 MHz] and [50 MHz, 400 MHz] for FR1 and FR2, respectively. One potential technique to reduce device complexity is to reduce the maximum bandwidth the device supports.
To achieve significant reduction in device complexity and cost, reduced bandwidth should be considered both for the RF and the baseband. RF bandwidth reduction can reduce the cost of the RF transceiver. In addition, since a lower sampling rate can be used, gains in complexity due to baseband processing (e.g., FFT/IFFT, data and control channel decoding, channel estimation, buffering, etc.) at a lower rate are attained. 
Reduced bandwidth would provide less gains for the UL than the DL because UL baseband processing is assumed to be a small portion of the total baseband processing.
Bandwidth reduction may have more impact on some physical channels and signals than the others. For example, the synchronization signals and broadcast channel should not be impacted from reduced bandwidth due to already relatively narrow bandwidth they are carried in. In addition, the impact on PDSCH and PUSCH is not expected to be large.

Some physical channels (e.g, the PRACH and the PDCCH) may have a relatively high impact from the reduced bandwidth if the reduced bandwidth is narrower than the minimum required bandwidth for those channels. Therefore, the bandwidth reduction has to be discussed with potential standards impacts. For example, if the reduced bandwidth is larger than minimum required bandwidth of any physical channel, the standards impacts will be limited. Otherwise, higher impact is expected.

Reduced number of antennas
Reducing the number of RF chains is expected to significantly reduce device complexity and cost. Removing an RF transceiver, the associated filter and ADC would reduce RF complexity. Removal of the baseband processing performed per RF chain such as FFT, channel estimation, etc. would result in less complexity in the baseband.
Reducing the number of antennas shall have a detrimental impact on the coverage and spectral efficiency. The acquisition time for the synchronization signals may increase and the reception of the broadcast channel may be impacted. The reduction in the received signal power and loss of diversity would reduce the coverage of the control channel and the random-access channel during the Message 2/4 reception. In addition, the BLER of the data channel would increase.
One effective method to limit or mitigate the coverage and BLER loss of the control and data channels is to use repetitions and/or relaxed acquisition time. NR already supports some type of slot aggregation for PDSCH and PUSCH, but such a technique is not available for control channels. In addition, the aggregation factors supported for PDSCH and PUSCH may not be sufficient to mitigate the loss caused by reducing the number of antennas. Repetitions would increase the acquisition time for both data and control channels, resulting in more energy being used; therefore, using repetitions would reduce the power consumption gains.

Reduction in transmit power
One method to reduce device complexity and power consumption is to reduce the output power. Reducing the output power would reduce DC power consumption until the power amplifier reaches its minimum bias level. Further savings can be achieved if the power amplifier is removed.
Reduction in transmit power would cause significant degradation in uplink coverage and spectral efficiency. Methods to compensate for the loss should be considered; one straightforward solution is to employ a repetition-based transmission for all uplink channels and signals. Note that increased transmission time due to repetitions would increase the power consumption.
One solution that may be used to optimize the number of repetitions, especially for the random-access channel, is to utilize the concept of coverage enhancement level used in LTE MTC. In this case, a certain number of repetitions and PRACH resources are allocated for a given coverage enhancement level and the UE can gradually increase the coverage level, hence the number of repetitions, if the random-access fails.

Half-duplex FDD
Another method that can be considered for complexity reduction is half-duplex FDD for which using a switch instead of a duplexer reduces device complexity. Furthermore, employing a single oscillator can be considered to attain more complexity reduction.
One issue that would arise with a single oscillator is that a larger switching time from DL to UL, or vice-versa, may be required, resulting in some necessary changes in the L1 design.

Relaxed UE processing
Relaxed UE processing, such as reducing the number of blind decodes for PDCCH, reducing the minimum processing time for CSI and ACK/NACK feedback would result in reduced device complexity and increased power savings. One such processing mechanism, cross-slot scheduling where the minimum scheduling offset between the PDCCH and the PDSCH/PUSCH can be dynamically changed has been introduced in the UE power saving work item for Rel-16.

Paging indication
One major source of power consumption in RRC Idle and RRC Inactive states is the paging operation. A UE may regularly need to wake-up to monitor the paging PDCCH and decode paging the PDSCH. The paging PDCCH may not exist, resulting in wasted power due to the PDCCH monitoring. Furthermore, the paging PDSCH may not have the paging record does for that UE.
One way to prevent or reduce unnecessary wake-up is to introduce a paging indication mechanism such as a wake-up signal that would indicate to the UE whether to monitor the paging PDCCH or not. It would be preferable if the paging indication can support targeting a group of UEs.
The paging indication can be based on a sequence and/or a PDCCH based channel. Alternatively, a low power design based on ON-OFF keying can also be considered.

Conclusion
This contribution has discussed several complexity reduction features for reduced capability devices. Based on the discussion, we propose the following:
Proposal 1: The following complexity reduction methods should be considered for reduced capability devices:
· Reduced bandwidth
· Reduced number of antennas
· Reduction in transmit power
· Half-duplex FDD
· Relaxed UE processing
· Paging indication
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